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ABSTRACT 

An interference prediction model developed for use in evaluating expected interactions 
between avionics equipments on an arrplane is described. The model is substantially 
automated and includes subroutines which calculate expected path losses between aircraft 
antennas and the rejection offered by the receivers to the undesired emissions from 
transmitters on the aircraft. 

An analysis of the interactions between the equipments installed on an FAA Sabreliner 
has been made using the prediction model and the results of the analysis are described. 

Requirements for expansion of the prediction model are established. 
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SECTION 1 

INTRODUCTION 

BACKGROUND 

The Federal Aviation Administration (FAA) has established a requirement for the 
development of a general analytical capability to determine the mutual effects resulting 
from the introduction of new avionics equipment to an existing airframe containing 
operational equipment. Accordingly, the Electromagnetic Compatibility Analysis Center 
(ECAC) (See Reference 1) agreed to develop an analytical modular model capability for the 
FAA which will enable rapid evaluation of these effects as the need arises. 

In accordance with the specified agreement, the ECAC was to develop the capability to 
evaluate the mutual effects of the avionics packages associated with the FAA Sabreliner 
aircraft, specifically, and then to generalize the resulting models such that they may be 
applied to any other airframe/avionics configuration. 

The FAA Sabreliner is a specially equipped aircraft used to monitor and evaluate 
performance of ground-based electronic navigational aids in the United States. The 
complement of radio and navigational equipment associated with the Sabreliner is 
summarized in TABLE 3-1. These were the specific units treated in this initial development. 

OBJECTIVES 

The objectives of this program were to: 

a. Develop an automated airframe coupling model. 
b. Develop performance models for the Sabreliner avionics equipment and, 

where possible, generalize these models to enable application to other similar types of 
equipment. 

c. Establish requirements for future modeling activity. 
d. Perform an analysis of the FAA Sabreliner so that it may be used as a 

validation model for the developed analytical capability. 
e. Determine the expected mutual effects resulting from the installation of a 

VHF Satcom terminal on the Sabreliner. 

1-1 
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CONSTRAINTS 

The interference prediction model reported herein considers only antenna coupled 
interference. Interactions due to cable coupled interference, and effects due to interference 
radiated directly between equipments on the airplane, are not considered. 

1-2 
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SECTION 2 

RESULTS AND CONCLUSIONS 

RESULTS 

1. A modularized antenna coupled interference prediction model was developed 
which is substantially automated. 

2. The program includes an automated coupling model which predicts the path 
losses between antennas on an airframe and an automated subroutine which calculates the 
effective rejection offered to undesired signals by the receiving systems. 

3. An analysis was made of the expected mutual effects between the avionics 
equipments aboard the FAA Sabreliner flight inspection aircraft. 

4. The expected effects resulting from the installation of an additional system, a 
proposed VHF Satellite Communications (SATCOM) terminal, were evaluated. 

5. A test plan for validation of the predicted coupling losses was proposed. 

CONCLUSIONS 

1. The existing avionics complement aboard the Sabreliner is capable of 
compatible operations, provided the frequency relationships identified in Section 5 are 
avoided. (See Section 5). 

2. A VHF SATCOM terminal may be added to the Sabreliner complement 
without adverse effects, provided its operating frequency is above 133 MHz. (See Section 5). 

3. The prediction model described herein is amenable to expansion and 
generalization to enable solution of situations involving aircraft-to-aircraft and 
aircraft-to-ground environment equipment as well as the intra-aircraft problem for which it 
was designed. 

2-1/2-2 
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SECTION 3 

ANALYSIS 

SABRELINER DESCRIPTION 

The FAA Sabreliner aircraft is a special version of the North American Rockwell Series 
40 Sabreliner which has been equipped as a flight inspection facility. The radio and 
navigation equipment associated with the aircraft is summarized in TABLE 3-1. 

TABLE 3-1 
SABRELINER EQUIPMENT COMPLEMENT 

Equipment Quantity Manufacturer Function 

RTA-41B 2 Bendix VHF Communications 
DF-203 2 Collins Automatic Direction Finding 
51Z-4 1 Collins Marker Beacon Receiver 
WP-103A 1 Collins Weather Radar 

AVQ-65 1 RCA ATCRBS Transponder 
DRA-12 1 Bendix Doppler Navigation Radar 
RNA-26CF 3 Bendix VOR/LOC Receivers 
ALA-51 1 Bendix Radio Altimeter 

AN/ARC-109 1 Collins UHF Communications 
618T-3 1 Collins HF Communications 
RT-870/ARN-91 2 Hoffman TACAN System 

An illustration of the Sabreliner indicating the location and description of the antennas 

associated with these systems is shown in Figure 3-1. 

Analysis Techniques 

The analysis of the mutual effects of the operation of the equipment on the Sabreliner, 

including the analysis done by the automated computer model developed to assist in the 

effort, was accomplished by predicting the expected level of degradation relative to the 

degradation threshold of each receiver. The procedure used in the prediction process is 

3-1 
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described below. Units for frequency and bandwidth, unless otherwise stated, are the same. 

The undesired interfering power at the input terminals of a potential victim receiver 

can be calculated with the logarithmic form of the one-way system loss equation which is: 

Pj = PT + GT + GR-Lp-Ls (3-1) 

where; 

Pj = the input interfering power in decibels relative 

to one milliwatt (dBm). 

Pj = the transmitter output power in dBm. 

Gj = the effective gain of the transmitting antenna 
in the direction of the receiving antenna in dB 
relative to an isotropic radiator (dBi). 

Gp = the effective gain of the receiving antenna in 
the direction of the transmitting antenna in dB 
relative to an isotropic radiator. 

Lp = the path loss between isotropic radiators in dB. 

l_s = the combined system losses associated with the 
transmitter and receiver due to transmission lines, 
coupling devices, and external RF filtering in dB. 

In the interest of conservatism, the system losses can usually be neglected without 
introducing significant errors. It was assumed herein that such losses are negligible. 
Therefore, the l_s term was dropped from further consideration at this time, but the 
capability to include such a factor has been retained for future application. 

The effect of this interfering power depends on the response characteristics of the 
receiver circuitry prior to the detector and the input signal-to-interference ratio (S/j) 
required  by  the  receiver to  perform  without degradation in -the presence of such an 

3-3 
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interfering signal. This effect can be represented by: 

R = A - Lf (3-2) 

where: 

R = the response of the receiver circuitry to the 
input interfering signal in dB. 

A = the response of the receiver to its desired 
signal in dB. 

L* = the response to the interfering signal relative 
to the response to the desired signal offered by 
the receiver in dB, i.e., the rejection offered 
by the receiver to the undesired signal. 

If equation (3-2) is normalized to A and combined with (3-1), then 

Pie = PT + GT + GR-Lp-Lf (3"3) 

where: 

Pje = the effective input interfering signal 
in dBm, which has been normalized relative to 
an undesired signal with the same characteristics 
as the desired signal. 

In other words, the minimum level of an input desired signal required to produce a 
standard response is defined as the receiver sensitivity. If the interfering signal has different 
characteristics than the desired signal, the input level required to produce a standard 
response is different. This difference in levels can be considered as an on-tune receiver 
rejection factor for the interfering signal. The consideration of this factor with any 

additional off-frequency rejection resulting from the selectivity characteristic of the 
receiver can be considered as a total receiver rejection factor for the interfering signal. 

The level of degradation caused by this signal can be evaluated by comparing the 
resulting signal-to-interference ratio to the required threshold S/| ratio. If it is assumed that 
the input desired signal is at the receiver sensitivity level, then the degradation level is: 

3-4 
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P|d - pie-Rs+<s/|>T 0-4) 

where: 

P|d = the degradation level relative to the threshold 
of the degradation in dB. 

Rs = the sensitivity of the receiver in dBm. 

(S/|)j = the threshold input signal-to-interference ratio, 
in dB, required to prevent degradation. 

If equations (3-3) and (3-4) are combined, then 

P,d = PT + GT + GR-Lp-Lf+(S/,)T-Rs (3-5) 

where all of the terms have been defined. 

If P|d is greater than zero, then degradation is expected to occur; conversely, if P|d is 
less than zero, degradation is not expected and further consideration need not be given to 
interactions between the particular transmitter and receiver involved. 

Equation (3-5) is the expression solved by the analyst when studying a potential 
interference problem and by the developed automated program up to the point where a 
detailed manual analysis is required. Each of the terms in equation (3-5) is discussed below. 

Transmitted Power, Pj 

This parameter is a required input to the program and represents the average output 
power in dBm for communications transmitters and the peak output power for pulsed 
transmitters. This information can be obtained from the nominal characteristics of the 
equipment or from measured data. 

Antenna Gains, Gy, Gp 

These parameters are also required inputs to the program at the present time and they 
represent the expected gain to be realized along the propagation path between the antennas 
on the airframe. It is important to note that, since the area of consideration is confined to 
the intra-aircraft problem; the perturbations in the antenna patterns observed at great 
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distances from the aircraft, which are caused by irregularities in the airframe shape, are not 
expected to be realized. Further, since it is difficult, if not impossible, to measure the 
radiation pattern of antennas when the observation points as well as the antennas are 
located on the same aircraft, the values recommended for use in the program are the 
maximum theoretical values to be expected along the surface of the airframe in the 
direction of the transmission path between the antennas under consideration. 

For non-aperture types of surface mounted antennas, such as monopoles, dipoles, 
blades, and loop antennas, the gain to be used is the maximum theoretical gain in the 
horizontal plane. 

For aperture type antennas, such as parabolic reflectors, phased arrays, and horns, 
whose direction of maximum radiation is broadside to the airframe, the appropriate value to 
be used for the antenna gain is the value in the sidelobe or backlobe which is directed along 
the surface of the aircraft. 

Certain of the values to be used can be obtained from manufacturer's data. When it is 
necessary to calculate the value theoretically, the expressions to be used can be obtained 
from References 2 and 3. The antenna gains used in this analysis are shown in TABLE 3-2. 
These gain characteristics are expected to be representative of most of the antennas used on 
airplanes for the indicated functions. 

The specification of the antenna gains as required inputs for the automated model is 
consistent with the modular concept and enables greater flexibility for generalization of 
the prediction program. For example, if, in the future, the model is expanded to enable 
evaluation of mutual effects in inter-aircraft and aircraft-to-ground equipment 
considerations, an antenna gain calculation subroutine could be developed and included in 
the overall model. Such a subroutine could either be deterministic or statistical. 

Path Loss, Lp 

The path loss between isotropic radiators on an airframe is calculated using the 
technique reported by Hasserjian and Ishimaru (See Reference 4) and extended by Khan et 
al (See Reference 5). These efforts have shown that the path loss along a conducting curved 
surface can be calculated by: 

Lpc " Lpf  F(y) (3'6) 

3-6 
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TABLE 3-2 
INPUT ANTENNA GAINS 

Antenna Function Type Polarization Gain 

No. (dBi) 

1 Weather Radar Parabolic Horizontal -10 

2 Glide Slope Dipole Horizontal 2 

3 TACAN Blade Vertical 2 

4 ATC Blade Vertical 2 

5 TACAN Blade Vertical 2 

6 VHF/UHFComm. Blade Vertical 2 

7 TACAN Blade Vertical 2 

8 UHF Comm. Blade Vertical 2 

9 Doppler Radar Array Linear -20 

10 Marker Beacon Loop Horizontal - 5 

11 Altimeter Horn Horizontal -20 

12 TACAN Blade Vertical 2 

13 UHF-DF Loop Vertical 2 

14 VOR/ILS Loop Horizontal 2 

15 VOR/ILS Dipole Horizontal 2 

3-7 
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where; 

L pc the path loss along the curved surface of 
the airframe. 

-Pf 

F(y) 

the path loss along the same surface when 

flattened into a plane. 

the loss factor due to the curvature of the 
surface, i.e., the curvature factor. 

The curvature factor, F(y), is a complex infinite series in y which depends on the 
geometrical parameters of the path (See Reference 5). 

The function y is: 

y 

where: 

RIVP, (3-7) 

!1 the length of the curved ray path as normalized 
by the wave number, i.e. R-j equals k times 
D-|, where Di is the curved ray path and 
k = 27r/^, where X is the wavelength. 

the curvature of the ray path as normalized by 
the wave number. 

The parameter y is described below for various geometrical shapes found in practical 
airframes: 

y 

y 

y st K1/z (ajaj)y2 </>2 / 

where: 

K/2   a 02/|(AZ)2 + (a0)211A for a cylinder;      (3-7a) 

(3-7b) 

(3-7c) 

(Ka)1/2 <(> '2   for a sphere, 

(AZ)2 + aja: </>2     V*      for a cone, 

the radius of the cylinder or sphere. 
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the radius of the cone at the ith antenna 
location. 

the radius of the cone at the jth antenna 
location. 

AZ the distance between the antennas along the axis 
of the cylinder or cone. 

0 the angle in radians between the antennas on a 
plane defined by the two antennas and the center 
of the airframe. 

The coordinate system used in describing these parameters and the solution of the 
magnitude of F(y) versus y in decibels are shown in Figure 3-2. 

The path loss between the antennas on the surface when it has been flattened into a 
plane is calculated using the free space formula: 

"Pf 

where 

20 log fMHz + 20 log D-, -38 (3-8) 

-pf the free space loss between isotropic 
radiators in dB. 

rMHz the transmitted frequency in megahertz (MHz). 

the ray path distance along the surface between 
the antennas in feet. 

The distance, D^for the various geometrical shapes is: 

D-i = a0 for a sphere, 

(AZ)2 + (a<M2 

(AZ)2 + ajaj 02 

for a cylinder, 

'2 for a cone, 

(3-9a) 

(3-9b) 

(3-9c) 
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where all of the terms have previously been defined. 

It should be noted that the expressions shown for an airframe shaped like a conical 
cylinder, are approximations rather than exact relationships. The reason for this situation is 
that one of the restrictions in the technical development of the curvature factor is a 
requirement that the curvature along the ray path between the antennas remain constant. 
When the antennas lie on a conical surface, this requirement is not completely satisfied. In 
practical airframes, however, it can be shown that the ray path length can be calculated with 
a high degree of accuracy by treating the cone as a modified cylinder with a radius equal to 
the geometric mean of the radii of the cone at the locations of the antennas. The limitation 
of this approximation is that the apex angle of the cone cannot exceed 20 degrees. This 
limitation is satisfied for the Sabreliner where the apex angle is approximately 14 degrees. 
This result leads intuitively to the finding that the curvature factor between two antennas 
on a cone lies between those factors which would be calculated if the cone were replaced by 
two cylinders having radii equal to the cone radii at each of the two antennas. 

When this type of computation is made for the worst case situation found on the 
Sabreliner, it is found that the theoretical error to be expected in the total coupling loss lies 
in the range of 0 - 2dB. This minimal error occurs when determining the total loss between 
the VHF antenna mounted on the top centerline and the UHF direction-finding antenna 
mounted on the bottom centerline. 

The remaining restrictions which affect the application of this technique include 
geometrical limitations which insure that the respective antennas do not lie within each 
others Fresnel (near-field) region. These geometrical restrictions place a lower limit on the 
frequencies at which the coupling loss can be calculated. For example, the HF wire antenna, 
the Sabreliner airframe length, and the high-frequency wavelengths are all of comparable 
magnitude. As a result the entire airframe can be expected to be a part of the HF antenna 
system. Any considerations of the coupling loss to be expected along the airframe, 
consequently become intra-antenna system (near-field) considerations. Thus, this technique 
cannot be applied to HF systems. In fact, there is no known practicable analytic solution to 
this type of problem. 

The expressions given above for circular cylinders and conical-cylinders have been 
automated. This automated model is used as a subroutine in the overall interference 
prediction model. Additional details of the program, including the mathematical 
development of the geometrical considerations involved, are contained in Reference 6. 

3-11 
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The input data required for this subroutine are: 

a. Zj = The frame number of the ith antenna. This corresponds to a Z axis 
dimension in inches. 

b. 0j = The angle around the airframe of the ith antenna location in degrees, 
using the top centerline as the zero degree reference. 

c. fj  =  The  operating frequency  of  the transmitter associated with the ith 
antenna in MHz. 

d. The antenna height in feet from the centroidal axis of the airframe, i.e., the 
radius of the airframe at the ith antenna. 

For those considerations involving the losses between the navigational antennas on the 
vertical stabilizer and the transmitting antennas along the bottom centerline of the fuselage, 
the path is considered to be composed of a partial freespace path between the stabilizer 
antenna and a point on the surface of the fuselage, and then a remaining surface wave path 
along the fuselage. The point of tangency satisfying the required conditions for the shortest 
path between the antennas is computed, the characteristics of each portion of the path are 
determined, and then the total loss is calculated using the same techniques previously 
described. The expressions used to evaluate these paths are explained in Reference 6. 

Logical flow diagrams and a program listing written in the Fortran V language are 
contained in APPENDIX I. 

Expected Error in Lp 

Previous measurements have been made to validate predictions made with this 
technique. A total of 121 measurements were made in a KC-135 aircraft in the UHF 
(225-400 MHz) portion of the spectrum. The results of the validation effort may be 
summarized as follows: 

1. Of the 121 measurements, only two were considered suspect and omitted from the 
comparison. 

2. The mean error between the predictions and the remaining 119 observations was 
0.5 dB and the standard error was 4 dB. 

3. The distribution of the errors appears to be normal about a mean of 0 dB with a 
standard deviation of 4 dB, based on a chi-squared test at a 0.05 significance level. Further 
details on these data are contained in Reference 6. 

3-12 
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Sabreliner Coupling Loss Predictions 

Since an isotropic radiator does not exist, the path loss between two such antennas 
cannot be measured. However, an effective coupling loss, which includes the effect of the 
respective antenna radiation characteristics can be measured. 

The effective coupling loss can be calculated from the following equation: 

Ce = GTe + GRe + P-Lp (3-10) 

where: 

Ce = the transmission loss between the transmitting 
and the receiving antennas in dB. 

^Te'^Re = tne Rffect've 9a'n relative to an isotropic 
antenna of the transmitting and receiving antennas 
in the direction of the ray path between the 
antennas. 

P = the polarization mismatch between the antennas. 

L„ = the path loss as previously defined. 

Polarization mismatches, P, which can be expected are shown in TABLE 3-3. These 
values have been used in this analysis for the non-aperture antennas. For the aperture 
antennas, the values are appropriate only when considering the radiation in the mainbeam of 
the pattern. When sidelobe or backlobe radiation is being considered, no polarization 
mismatch is assumed to exist. These correction factors are not currently included in the 
automated model. They could, however, be included in any antenna gain calculation 
subroutine which might be developed in the future. 

In addition to the parameters discussed above, an additional factor must be considered 
in connection with the paths between the antennas located in front of the metal nose 

bulkhead, and the antennas behind the bulkhead. A knife-edge diffraction loss can be 
expected along these paths due to the obstruction created by the bulkhead. Bullington 
presents a nomograph which can be used to calculate these losses (See Reference 2, Chapter 
33). This nomograph has been automated in equation form and this additional loss factor is 
automatically included when the transmission path crosses the nose bulkhead. 
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The equation used is 

-K 

where: 

10logh2f/20d (3-11) 

-K the knife-edge diffraction loss in dB. 

the height of the obstruction above the line-of-sight 
path in feet. 

f 

d 

the transmitted frequency in megahertz. 

the distance between the bulkhead and the 
nearest antenna under consideration in feet. 

TABLE 3-3 
POLARIZATION MISMATCH LOSSES 

Transmitting 
Antenna Polarization 

Polarization Mismatch Loss (dB 
Receiving antenna Polarization 

Horizontal 

Vertical 

Linear(45°) 

Circular 

Horizontal 

0 

-20 

-3 

-3 

Vertical 

-20 

0 

-3 

-3 

Linear 

-3 

-3 

0 

0 

Circular 

-3 

-3 

0 

0 

The predicted effective coupling losses in dB between the antennas on the Sabreliner 
are shown in TABLE 3-4. The antennas are numbered as shown in TABLE 3-2 and may be 

identified by referring to that table. 
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It is suggested that the accuracy of the predictions be established. A test plan setting 
forth procedures which can be used to validate these predictions is contained in APPENDIX 
II. Briefly, the plan contains two methods for obtaining the coupling losses between 

antennas on the Sabreliner. One of the methods is a directly indicating technique which may 
be used for the losses at frequencies below 1000 MHz. The second method is a signal 
substitution technique suitable for use at frequencies above 1000 MHz. Equipment types 

and layouts are described in the plan and sequential procedures for determining the losses 
are presented. 

Receiver Rejection, Lf 

The rejection offered to an undesired emission by a potential victim receiver is 
calculated by a subroutine known as the Frequency Analysis System (FAS). A simplified 
explanation, which is largely intuitive, is given herein. This treatment will enable the reader 
to understand the operation of FAS and will prepare him for the more detailed information, 
including a purely mathematical presentation, given in Reference 7. 

For a given transmitter-receiver pair, FAS synthesizes the receiver response 
characteristic and the transmitter spectral emission characteristic by a series of line segments 
which are linear on a logarithmic scale. Each of these synthesized models is normalized to 
unity at the tuned frequency of the equipment such that the characteristics described are 
relative to the performance at the tuned frequency. When this synthesis is complete, FAS 
determines the rejection by integrating over the areas of frequency overlap between the 
transmitted emission and the receiver response. Two cases are considered. The first case 
examined involves a calculation of the relative energy transfer to be expected due to the 
emission sidebands which lie within the passband of the receiver. The second case examined 
is the expected energy transfer resulting from inadequate receiver selectivity at the 
frequencies within the fundamental emission bandwidth of the transmitter. These two cases 
are compared and the worst situation, i.e. the least amount of rejection, is chosen as the 
appropriate rejection for the given equipment pair. 

Receiver Response Synthesis 

The receiver relative response characteristic is synthesized by four line segments, which 
are linear on a logarithmic scale, and appears as shown in Figure 3-3. 

The parameters shown are defined as: 

f p = the tuned frequency of the receiver. 

Br -    > the intermediate frequency (IF) bandwidth of the 
receiver. 

N-i = the slope of IF selectivity skirt in dB per decade. 
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f^f* = the lower and upper frequencies, respectively, where 
spurious responses must be considered. These frequencies 
should be selected to coincide with the intersection of the 
Ks level with the IF selectivity curve. 

ks = the spurious response rejection of the receiver. 

fg,^ = the lower and upper frequencies, respectively, at which 
spurious responses need no longer be considered. These 
frequencies should be selected to coincide with the inter- 
section of the Ks level with the RF circuitry selectivity curve. 

No = the slope of the RF selectivity skirt in dB per decade. 

The response characteristic may be expressed mathematically as: 

r(f) 1,when jfR 
r—\  < f < 

Br      * 

fR+   -*-] (3-12a) 

r(f) 
f-fR 

n1 
when^   < f < fR -     ^-    , (3-12b) 

or   f2 > f > fR + 

r(f) = ks, whenfa < f < f1 (3-12c) 

or fb > f > f2 

r(f) k. |   'b ~ fRl   2 , when fh <  f (3-12d) 

when f < fg (3-12e) 
f, - fo   1    n'. 

s 

where: 

f-fR 
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r(f) = the relative response of the receiver at frequency f 

Then: 

R(f) = the relative response in dB where R(f) = 10 
log r(f), and 

Ks = 10 log ks. 

N1'N2 = 10n1r 10 n2 respectively 

Except for f-| and f2, the parameters shown are required inputs for the FAS 
subroutine. Methods of determining these parameters are explained below. 

Receiver Tuned Frequency, fp 

The tuned frequency of the receiver is obtained from the frequency assignment 
appropriate to the receiver being considered. 

IF Bandwidth, Br 

The intermediate frequency bandwidth is obtained from the nominal characteristics of 
the receiver, usually set forth in the manufacturer's data or Technical Manual describing the 
equipment, or it is obtained from measured data. 

IF Skirt Slope, N1 

This parameter is extracted from the given IF selectivity characteristics. It is the slope 
of the skirt in dB per decade. For example, the nominal characteristics of a receiver may 
specify that the IF selectivity of a receiver has a 20 dB bandwidth of BW-| and a 60 dB 
bandwidth of BW2. Then n.| is obtained from: 

BWo 
(60-20)dB = 40dB=10nllog £- (3-13a) 

BW'T 

and, 

40 

N1 = BW2 ' <313b> 
log  

BW1 
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RF Skirt Slope, N2 

The characteristics of the RF circuitry usually must be theoretically synthesized, unless 
measured data are available. However, measured RF characteristics are normally available 
only as a result of a special effort intended to study such characteristics. Accordingly, two 
alternate methods for synthesizing the RF selectivity are presented. 

The first method requires information concerning the receiver design, i.e., the number 
of tuned circuits preceding the first mixer in a receiver. This information can be obtained by 
examination  of  the circuit diagrams  included  in  the  technical   manual  describing the 
equipment. When the number of tuned circuits is known, the relative response of the 
circuitry can be calculated from the following equation: 

-"h 

20 log I 1 + I —r-—— Qs| (3-14a) RRF 

or 

RRF 

where: 

—Qj\ 

H^F ] -10n log    1 +   _! QXL (3-14b) 

Rpp = the response in dB relative to the 

response at the tuned frequency of the 
receiver. 

n = the number of tuned circuits preceding the 
first mixer. 

f = the frequency at which the relative response 
is required. 

f p = the tuned frequency of the receiver. 

Qs = the selectivity factor of each tuned stage 
as defined by: 

fi R. 

3dB •        2)—R|- 
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where 

2 I f-f R I = the 3 dB bandwidth of the stage. 
1      H,3dB 

The parameter, Qs is not generally available and must be estimated. An estimated Qs of 
50 yields sufficiently conservative results for most analyses. 

The solution of equation (3-14) as a function of frequency will yield the relative 
selectivity of the RF circuitry of the receiver. The parameter, n2 is equivalent to 2n, where 
n is the number of tuned circuits or 

N2 = 10 n2 20 n 

In certain cases, the number of tuned circuits preceding the mixer is unknown but the 
RF 3 dB bandwidth is specified along with the image rejection. When these parameters are 
given, an alternative method for estimating the RF characteristics can be used. 

The image frequency of a receiver is separated from the tuned frequency by twice the 
intermediate frequency. If an "image bandwidth" is defined as equal to four times the 
intermediate frequency, i.e., twice the image frequency separation from the tuned 
frequency, then the parameter N2 can be approximated by: 

K, -3dB=* 10n2log  L or, (3-16a) 
BW3dB 

K| -3dB 

N2a^ 
(3-16b) 

log 
BW| 

where: BW3 dB 

N2a = the approximate value of N2 

K| = the image rejection in dB. 

BWj = the "image bandwidth" defined above 
(note that this bandwidth is a mathematical 
device and not a physical reality). 

BW3dB = the specified 3dB RF bandwidth of the receiver. 
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It should be noted that, since the universal resonance curve, when plotted on a 
logarithmic scale, is rounded rather than linear in the vicinity of the 3dB bandwidth, the 
value of I\l2a obtained from equation (3-16) will be slightly larger than is appropriate. 
Therefore, this value should be rounded off to the nearest multiple of 20 which is less than 
that value. Thus, N2 " N2a rounded down to the nearest multiple of 20. When this value of 
N2 is determined, then n, the number of stages, is obtained by dividing by 20. A 
corresponding value of Qs for the RF circuitry can then be calculated by: 

Qo[21/n-1]1/2 (3-17) 

where: 

Qs = the effective selectivity factor for each tuned 
circuit preceding the mixer. 

Q0 = the overall selectivity factor for the n 
tuned circuits. 

n = the number of tuned circuits as determined above. 

The computation of the two parameters, Qs and n, results in values which can be used 
in equation (3-14) above to estimate the RF selectivity characteristics of the receiver. 

If neither of these alternatives is feasible due to a lack of information, then a 
conservative value of 20 should be used for N2. This will result in a worst case prediction of 
the relative response characteristic of the receiver in this region of frequencies. 

Spurious Response Rejection, K$ 

The minimum spurious response rejection is usually specified in the nominal 
characteristics of the receiver. If not, a worst case rejection level can be estimated in the 
following manner. Spurious responses arise in a superhetrodyne receiver when a high level 
interfering signal combines in the mixer circuitry and a product at or near the intermediate 
frequency of the receiver is generated. In general, the most sensitive of these responses arise 
due to the mixing of the incoming signal and the first local oscillator in the first mixer stage. 
The frequencies at which the interfering signal can excite these responses is given by: 

fsp = pf|0 ± f|F (3-18) 

q 
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where: 

sp 

rlo 

the frequency of the incoming interfering signal. 

the injection frequency of the local oscillator. 

the intermediate frequency of the receiver. 

the harmonic of the local oscillator involved in 
the mix. 

the harmonic of the incoming signal involved in 
the mix. 

The fact that the sign preceding fjp in equation (3-18) can take on either sense (±) 
indicates that for a given p,q combination, a pair of responses can be predicted, one for the 
negative sense and one for the positive sense. In a superheterodyne receiver, the local 
oscillator frequency, f|Q, is related to the tuned frequency, f p as follows: 

rlo fR±fIF (3-19) 

where the positive sense is appropriate when the oscillator frequency is above the tuned 
frequency and the negative sense is appropriate when the reverse situation obtains. 

The combination of equations (3-19) with (3-18) yields two sets of relationships: 

P!fi   +    (p+1) f|F 

q 

whenf|0 > f 

sp 

and: 

q 

and 

_P!B_     + (P-D fip 

(3-20a) 

sp 

PfR    _ 
q 

and 

pfR 

when f p >  f|0 

(3-20b) 
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These expresssions enable a determination of the frequencies at which an incoming 
signal can result in the most sensitive spurious responses. Note that when p=q=1, the pair of 
responses which result are the receiver response to its tuned frequency and the response to 
its image frequency. The relative rejection at the tuned frequency is zero and, from the 
previous discussion, it is known that the relative rejection at the image frequency is merely 
the RF rejection at that frequency. 

The relative spurious rejection for any other p,q combination is the product of the RF 
rejection at the incoming frequency, fsp, and the relative mixer conversion loss for the p,q 
combination being studied. This can be expressed logarithmically as: 

Kc 

where: 

lRF 
f = fsp P,q 

(3-21) 

Kc the relative spurious rejection in dB. 

;RF the relative rejection of the RF 
circuits to f     in dB. 

1c the mixer conversion loss to the actual 
p,q combination relative to the mixer conversion loss 
to the p = q = 1 combination. 

In a previous ECAC measurement effort, representative values of the relative mixer 
conversion losses for a transistor mixer were established. These values are shown in TABLE 
3-5. 

TABLE 3-5 
RELATIVE TRANSISTOR MIXER CONVERSION LOSS IN dB 

X 1 2 3 4 5 

1 0 -65 -76 -84 -83 

2 -13 -58 -77 -83 -83 

3 -13 -65 -77 -81 -82 

4 -20 -62 -81 -81 -82 

5 -22 -62 -78 -84 -82 
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The relative spurious rejection level obtained with equation (3-21) for the most 
susceptible response, excluding the image response, is the value which should be used as an 
input to the program. The image rejection is also a required input but the image response is 
treated as a special case when this phenomenon is a potential problem. When this latter 
situation does arise, the receiver is synthesized around the image frequency in an identical 
manner to the synthesis about the tuned frequency, except that the relative threshold is 
reduced by the input image rejection. 

Spurious Response Limit Frequencies, fg.f^ 

As stated previously, these frequencies are determined from the point where the K. 
level intersects the RF selectivity curve. It should be noted, however, that f~ and fu are 
discrete frequencies, rather than frequency separations. Since the RF selectivity is usually 
specified in terms of response versus frequency separation, the intersection point is more 
readily obtained in terms of a frequency separation. It is necessary, therefore, to add this 
separation to (or subtract it from) the receiver tuned frequency to obtain the appropriate 
values of fa and fb. As will be seen later, this situation has ramifications involving different 
levels of refinement in the analysis. 

Transmitter Spectral Emission Synthesis 

The synthesis of the envelope of the spectral characteristics of the transmitted emission 
is synthesized by three line segments which are linear on a logarithmic scale as shown in 
Figure 3-4. 

BIT 

Ml/ 

9    A 

I 
I 

BIT 

2 

-1 

_) 
LJ 
K 

- I log. Af | log At 

Figure 3-4.  Relative Spectral Emission Envelope Characteristic. 
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The parameters shown are identified as: 

the tuned frequency of the transmitter. 

l1T the 3 dB emission bandwidth. 

M- 10 nri| the slope of the emission envelope at frequencies 
adjacent to the 3 dB bandwidth in dB/decade. 

J2T the emission bandwidth at which the envelope shows a different 
fall-off characteristic. 

M- 10 rri2 = slope of the emission envelope at frequencies 
greatly separated from the tuned frequency in dB/decade. 

The emission characteristic may be expressed mathematically as: 

t(f) 1 when  I f j — 
B 1T 

'fT + 
'1T 

(3-22a) 

t(f) 

B 1T m-i 

V        f-f-i 

when fT + 
!1T' |fT + 

}2T 

(3-22b) 

or 
S2T< |fT - >1T 

t(f) 
m- LIT 

52T 

when [f-r + -21 

S2T 

f-fi 

< f 

rrv 
(3-22c) 

or   f <   fn 

52T 

where: 

t(f) 

T(f) 

the relative level of the spectral emission envelope at frequency 
f; and, 

10 log t(f), the relative level in decibels. 
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Each of these parameters must be specified as inputs to the FAS subroutine and may 
be determined in the following manner. 

Communications Transmitters 

The required inputs to enable synthesis of the spectral envelope of communicate, 
transmitters may be set forth into two categories, AM and FM cases. The inputs for the AM 
transmitters are: 

ons 

B 1T 2 fm, where fm is the highest 
modulation frequency. 

Mi 80 dB per decade. 

S2T 

M. 

20 f m- 

20 dB per decade. 

The inputs for the FM transmitters are: 

'1T 2 f^ where f^ is the rated frequency 
deviation. 

M- 80 dB per decade. 

B 2T 

M> 

20 f. 

20 dB per decade. 

The specification of 20 dB/decade for M2 represents the expected minimum fall-off 
characteristic of the noise sidebands of these transmitters. If an external RF filter is used in 
conjunction with the transmitter, the fall-off characteristic of the filter should be added to 

M2. 

Pulsed Transmitters 

The required inputs for pulsed transmitters can also be categorized into two cases, i.e., 
pulsed transmitters without frequency modulation during the pulse interval (P0 emission), 
and pulsed transmitters with frequency modulation during the pulse interval, i.e. "chirped" 
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pulses (P9 emission). 

For PO emissions, the spectral envelope can be found using the methods described in 

Reference 8. The results are: 

B 1T 

M- 

J2T 

M- 

1.28/(2r + tr + tf) 

20 dB/decade for trapezoidal pulses and 40 
dB/decade for shaped pulses. 

¥+ tf) 
0.321 

40 dB/decade, 

where: 

T = the pulse width between one-half amplitude 

points. 

t = the time required for the pulse to rise from its 
10 percent amplitude point to its 90 percent 
amplitude point, i.e., the pulse rise time. 

t^ = the time required for the pulse to drop from 
its 90 percent level to its 10 percent level, i.e., 
the pulse fall time. 

The parameters, f,   V and tf can be obtained from the nominal characteristics of the 
equipment. 

The determination of the envelope parameters of a chirped pulse can be quite complex 

(See Reference 9), and the resulting emission spectral envelope for such a pulse is not 
always amenable to a three line segment synthesis technique. However, for most practical 
cases, the required inputs can be determined as: 

B 1T f. l'W\ 
where: 

the total frequency deviation during the pulse. 
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B 2T 

and: 

the Dispersion ratio = 
duration of the pulse. 

1 f, i) 
T fd, where r is the total 

M- 

IW 

the slope of the line in dB/decade which joins the 

points B1T and B2T when those points are plotted 
2 2 

on a logarithmic scale. 

40 dB/decade. 

Harmonic Emissions 

In addition to synthesizing the envelope of the spectral characteristics of the 
fundamental emission of the transmitter, the model also automatically synthesizes the 
spectral envelopes of the transmitted harmonics up to a maximum of the ninth harmonic. In 
doing so, the subroutine assumes that the spectral characteristics of each harmonic are 
identical to that of the fundamental except that the reference point is reduced by a level in 
dB equal to the attenuation specified as appropriate to the harmonic. The attenuation level 
for each harmonic to be considered is a required input parameter. 

Rejection Calculation 

After the receiver response and spectral emission characteristics have been synthesized, 
and each has been normalized to the level appropriate at the tuned frequency of the 
equipment, the expected rejection offered by the receiver to the undesired emission can be 

calculated using only frequency relationships. The development of this concept is given 
below. 

The spectral power density of an emission can be approximated by: 

D (3-23) 

where: 
l1T 

the spectral density in watts/Hz. 
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B 1T 

the average transmitter power in watts. 

the 3 dB emission bandwidth in Hz. 

Thus PQ represents an approximation to the average energy content in the emission. 
However, the receiver can only intercept that energy for a period of time equal to its 
"response time". The "response time", TR, of a receiver can be considered to be the inverse 
of its 3 dB bandwidth. Accordingly, the maximum power transfer between a transmitter and 
receiver can be calculated by: 

where: 

B, 

B1T(rR) B 1T 

(3-24) 

B, 

the average received power in watts, 

the 3 dB bandwidth of the receiver. 

The receiver rejection, If, is the ratio of the received power to the transmitted power: 

'f 

L, 

l1T 
or in logarithmic terms,    (3-25) 

B 
10 log lf = 10 log 

R 

l1T 
This maximum power transfer occurs when the transmitter and receiver are tuned to the 

same frequency. Therefore, a co-channel rejection factor (lf)co can be defined as: 

(If) f'co 'IT 
(3-26) when   B1T   >   BR 

and 

1   ,   when B1T <   BR 

The reason for the two cases is evident when it is remembered that a receiver cannot receive 
more power than is transmitted. 

It should be noted, however, that the co-channel rejection factor in equation (3-26) has 
been defined in terms of average power. When the undesired emitter is a pulsed transmitter, 
the peak received power is usually of more interest than the average received power. Thus 
for a pulsed transmitter: 
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<PT) avg ^T'pk T  (PRF) (3-27) 

where: 

<PT>avg 

<PT>pk 

PRF 

the average power in watts. 

the peak power in watts. 

the pulse duration in seconds. 

the pulse repetition frequency in hertz. 

If equation (3-27) is combined with equation (3-24) then: 

(PR>avg (P-^pk r  (PRF)     BR (3-28) 
(1T 

However, in a pulsed transmitter, r   ~ g       , and the average received power (PR)avq is 

related to the peak received power, (PpLk- ^Y: 

^PR^avg <PR>pkTR PRF (3-29) 

where: 

Tp = the response time of the receiver, which 
is approximately _J . 

BR 
Thus, combining equation (3-29) with equation (3-28) and defining a co-channel rejection 
factor for pulsed emissions, it is seen that: 

< If >co 

BR \ 2 
when B.jj>Br (3-30) 

BlT 
and 
1 when B^j< Br, 

for considerations involving the peak power transfer due to a pulsed transmitter. 

Since the co-channel  rejection has been determined, the total rejection, l_f, at any 
frequency can be calculated by: 
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Lf • (Lf)co + R(f T), (3-31) 

for considerations involving the power transfer resulting the fundamental emission of the 
transmitter due to inadequate receiver selectivity; and 

Lf = (Lf>co + T(fR), (3-32) 

for considerations involving the power transfer resulting from the emission sidebands which 
occur within the receiver passband, where: 

R(f j) • the relative response of the receiver at 
frequency f j. 

T(f p) = the relative emission level of the transmitter 
at frequency fp. 

The FAS subroutine essentially calculates the value of Lf for each of the situations 
given above, compares the two values, and selects the lowest of the values obtained for use 
in equation (3-5). However, since both the relative response characteristic of the receiver 
and the relative emission levels of the transmitter can vary over a range of frequencies, the 
computation is made using integration techniques. 

Further details on the subroutine, including a rigorous mathematical description of the 
calculation techniques, are contained in Reference 7. A logical flow diagram and a program 
listing written in the Fortran V language are contained in APPENDIX III. 

Degradation Thresholds, (S/l)-p 

The input signal-to-interference ratio at which operational degradation begins to occur 
in a receiver is defined as the degradation threshold and is identified by the symbol (S/I)j. 
This threshold is a required input parameter for each receiver under consideration. 

Communications Receivers 

The required signal-to-interference ratios for the receivers used for voice 
communications were obtained from Reference 10, which contains the results of subjective 
listener tests made to establish the intelligibility of voice transmissions as a function of the 
input signal-to-interference ratios. The tests were conducted using ATC specialists as 
subjects and normal ATC messages as well as modified rhyme test (MRT) words as the test 
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messages. The interfering signals used were FM and AM signals. The pertinent results are 
summarized in TABLE 3-6. 

TABLE 3-6 
RESULTS OF VOICE INTELLIGIBILITY TESTS 

Worst Case Input (S/l)Tfor 100 % Intelligibility (dB) 

Type of Message FM Desired Signal AM Desired Signal 

ATC 9 0 

MRT 15 10 

The levels shown for the ATC message thresholds are considered appropriate for trained 
commercial pilots while the MRT message thresholds are applicable to inexperienced pilots 
who are not necessarily familiar with ATC messages. 

Navigation Receivers 

The only documentation describing the threshold appropriate to the VOR/ILS 
receivers was found in Reference 11, which states that an (S/I)j of 20 dB is required to 
prevent degradation in these receivers. 

DME, TACAN Receivers 

Reference 11 states that a signal-to-interference ratio of 8 dB is required to insure 
satisfactory operation of this type of receiver. However, measurements conducted on a 
representative airborne TACAN receiver (See Reference 12), indicated that a (S/I)y of 10 
dB is required in the presence of a CW interfering signal and a (S/I)j of —10 dB is required 
in the presence of an interfering IFF pulse. During these tests, the TACAN receiver was 
being operated in an air-to-air mode on 1090 MHz and an IFF reply code of 1311 was used 
as the interfering signal. No degradation due to this coded reply was observed when the 
TACAN receiver was operated within the 962-1024 MHz or 1151-1213 MHz frequency 
ranges. 
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ATC Transponder Receiver 

Measurements reported in Reference 13 indicate that the threshold of degradation to be 
expected for the ATC transponders used on commercial airlines is 10 dB, if the interfering 
signal is a CW emission and 0 dB, if the interfering signal is a pulsed emission. Although the 
measurements were not conducted on the type of transponder installed on theSabreliner, the 
similarities in the design of the two units and the interference rejection features of each 
indicate that the performance of the Sabreliner transponder can be expected to be equivalent 
to, if not superior to, the performance of the tested transponder in the presence of 
interference. 

Radar Receivers 

No information has been found which specifies the degradation thresholds for the 
receivers employed in the weather radar, the doppler radar, and the altimeter systems. 
Therefore, a conservative value of 10 dB has been assumed for these analyses. 

Receiver Sensitivity, Rg 

The sensitivity, or performance threshold, of each receiver to be considered is a required 
input parameter for the analyses. It can be obtained from the nominal characteristics 
describing the equipment or from measured data. 

SUMMARY 

This section has described the model developed to predict potential interference 
interactions between equipments on an airplane. The prediction model has been developed and 
automated as an equation relating the expected effective interfering power at the input of a 
receiver to the effective power which would result in degradation. This approach provides 
inherent flexibility within the model in that each parameter in the expression can be replaced 
with a subroutine and individual subroutines can be replaced. Thus, the model is amenable to 
extension or expansion into a larger model capable of predicting inter-aircraft and 
aircraft-to-ground environment interactions as well as the intra-aircraft analysis for which it 
was developed. 

The model is not sensitive to a particular airframe or to particular equipment types. The 
airframe coupling model is valid for all practical airframes. The ability to evaluate the 
interactions in different types of equipments is inherent due to the requirement that the 
individual equipment performance models are established external to the prediction model and 
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used as input parameters. At the present time, these performance models are developed 
manually and the methods used to accomplish this effort have been described herein. This 
phase of the problem can also be substantially automated through the development of an 
equipment synthesis pre-processor. 
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SECTION 4 

PROGRAM UTILIZATION 

This section presents information related to the use of the program for interference 
analysis. The input and output data are described, and a discussion of the procedures followed 
by the program is presented. Finally, the methods necessary for more refined analyses are 
explained. 

Input Data 

The program requires input data on standard 80 column automatic data processing 
punch cards. The cards are: one general parameter card; two data cards for each transmitter, 
and two data cards for each receiver. Three card field formats are used to present the data; 
alpha-numeric characters, integral characters, and floating point decimal characters. 

General Parameter Card 

The format of the general parameter card is shown in TABLE 4-1. 

TABLE 4-1 

GENERAL PARAMETER INPUT CARD FORMAT 

Columns Description 

1-2 Total Number of Transmitters (50 maximum) 

6-7 Total Number of Receivers (50 maximum) 

11-17 Frame Number of Nose Bulkhead 

21-27 Radius of Nose Bulkhead in feet 

Field Format 

Integer 

Integer 

Floating Point 

Floating Point 

The first two items are self-explanatory. These numbers enable the computer to 

determine how many possible interactions it must examine before the problem is completed. 

The frame number and radius of the bulkhead are used to enable a calculation of the 
expected knife-edge losses along those paths which traverse the obstruction created by the 
bulkhead as explained in Section 3. 
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Transmitter Data Cards 

The formats of the two transmitter data cards are shown in TABLE 4-2. 

TABLE 4-2 
TRANSMITTER DATA CARD FORMATS 

Card 1 

Columns Description Field Format 

1-2 Antenna Number Alpha-Numeric 

3-12 Descriptive Code Alpha-Numeric 

14-21 Lower Operating Frequency (MHz) Floating Point 

23-30 Upper Operating Frequency (MHz) i 

32-37 Primary Bandwidth (kHz) * 

39-44 Secondary Bandwidth (kHz) i 

46-49 First Spectrum Slope Falloff (dB/decade) i 

51-54 Second Spectrum Slope Falloff (dB/decade) i 

56-58 Transmitter Power (dBm) 9 

60-63 Antenna Gain (dBi) ii 

65-67 Modulation Type Alpha-Numeric 

69 Pulse Compression Indicator (C=Chirped, 
otherwise blank) a 

71-74 Pulsewidth (MS) Floating Point 

76-79 Pulse Rise Time (/us) // 

Card 2 

1-6 Lower Filter Limit (MHz) Floating Point 

8-13 Upper Filter Limit (MHz) a 

15-20 Frame Number of Antenna ii 

22-26 Antenna Height in Feet it 

28-31 Antenna Angle (degrees) II 

33 Raised Antenna Indicator (0=No; 1=Yes) Integer 

35 Number of Harmonics to be Examined (1-9) Integer 

37-40 Suppression Level of Second Harmonic (dB) Floating Point 
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Card 2 

Columns 

42-45 

47-50 

52-55 

57-70 

62-65 

67-70 

72-75 

TABLE 4-2 (Cont.) 

Description 

Suppression Level of Third Harmonic (dB) 

Suppression of Fourth Harmonic (dB) 

Suppression Level of Fifth Harmonic (dB) 

Suppression Level of Sixth Harmonic (dB) 

Suppression Level of Seventh Harmonic (dB) 

Suppression Level of Eighth Harmonic (dB) 

Suppression Level of Ninth Harmonic (dB) 

Field Format 

Floating Point 

The antenna number is used as an identifier for the transmitter and its associated 
antenna. These two columns are used by the program to identify transmitter-receiver common 
equipment. It is intended, therefore, that these columns be used as an antenna identifier so that 
when the program selects the receiver using the same antenna for examination, it realizes that a 
transceiver is involved and does no calculation for that particular equipment pair. Columns 
3-12 can be used as any description code associated with the transmitter. As an illustration, 
consider the following pair of descriptions: 

11    UHF   XMTR 
11    UHF   RCVR 

As is evident, the two descriptions are intended to identify a UHF transceiver connected to 
antenna number 11. As the program examined transmitter-receiver pairs for possible 
interactions, it would recognize these descriptions as components of the same system because 
the characters in the first two columns are identical. The program would, accordingly, skip this 
calculation. It is important, therefore, that the antenna associated with any transceiver be given 
the same number to prevent an unfounded determination of potential interference. 

The next two items, the lower and upper operating frequencies, are used to describe a 
transmitter capable of being tuned over a range of operating frequencies. When this situation 
occurs, the program synthesizes the spectral characteristics of the transmitter and then 
examines the potential interference from the transmitter over its entire range of operating 
frequencies. When a specific operating frequency is appropriate, these two fields should be 
completed identically with the known operating frequency. When more than one specific 
frequency must be examined, but a continuous tuning range is inappropriate, a separate set of 
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transmitter data cards should be included for each operating frequency. 

The next four items, the bandwidths and slope characteristics, are explained in Section 3, 
where the primary bandwidth is BiT, the secondary bandwidth is E^T, and the first and second 
slope fall-offs are Mi and M2, respectively. The transmitter power in dBm and the antenna gain 
in dBi were discussed previously. 

The required modulation indicators are the standard designators; A3, F3, PO, P9, etc., 
and are used to enable the program to calculate the expected peak interfering signal when 
appropriate. The important designators are the pulse designators as explained in Section 3. 

The pulse compression indicator column is left blank unless the transmitter uses 
frequency modulation during the pulse duration. If the transmitter is chirped, the letter "C" is 
used in the column. 

The pulse characteristics, width and rise time, are self-explanatory. 

The lower and upper filter limits are used to truncate the spectral energy of the 
transmitted emissions. When these values are submitted, the program assumes that the filter has 
an infinite slope outside the region described by the limits. The primary application for these 
data is to describe waveguide cut-off phenomena. 

The geometric parameters describing the antenna placement on the airframe are used to 
determine the coupling losses. The frame number, which corresponds to a Z-axis coordinate in 
inches, and the antenna angle, which corresponds to a \p coordinate in degrees using the upper 
fuselage centerline as a reference, enable the ray path length and curvature loss factor to be 
determined. 

The antenna height in feet corresponds to the distance of the antenna from the 
centroidal axis of the airframe. In the case of an antenna which is surface mounted on the 
fuselage, this parameter represents the radius of the airframe at the corresponding frame 
number. 

The raised antenna indicator is used to identify those antennas which are not surface 
mounted on the fuselage. For example, the VOR/ILS antennas on the vertical stabilizer are 
raised antennas. This enables the program to determine the free-space portion of the 
transmission path between a surface mounted antenna and a raised antenna. In doing so, the 
model assumes that the airframe is cylindrical with a radius equal to the height of the surface 
mounted antenna. 
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The user may select the number of harmonic emissions to be examined during the 
analysis. If the number 1 is specified, only the fundamental emission spectrum is modeled. If 
the number is greater than one, then each harmonic is synthesized in a manner identical to the 
fundamental emission, except that the beginning level is suppressed by the amount specified 
by the user for each harmonic in the fields designated above. 

Receiver Data Cards 

The formats of the two receiver data cards are shown in TAB LE 4-3. 

TABLE 4-3 
RECEIVER DATA CARD FORMATS 

Card 1 

Columns 

1-2 

3-12 

14-21 

23-30 

32-37 

39-42 

44-47 

49-52 

54-56 

58-60 

62-69 

71-78 

80 

Card 2 

1-6 

8-12 

14-17 

19 

21-25 

27-30 

32-35 

Description 

Antenna Number 

Descriptive Code 

Lower Operating Frequency (MHz) 

Upper Operating Frequency (MHz) 

IF Bandwidth (kHz) 

IF Frequency (MHz) 

IF Selectivity Slope (dB/decade) 

RF Selectivity Slope (dB/decade) 

Image Rejection (dB) 

Spurious Response Rejection (dB) 

Lower Spurious Response Limit (MHz) 

Upper Spurious Response Limit (MHz) 

Local Oscillator position (A=above; B=Below) 

Frame number of antenna 

Antenna Height in Feet 

Antenna Angle in degrees 

Raised Antenna Indicator (0=No; 1=Yes) 

Receiver Sensitivity (dBm) 

Antenna Gain (dBi) 

Degradation Threshold (S/l) ratio (dB) 

Field Format 

Alpha-Numeric 

Alpha-Numeric 

Floating Point 

Alpha-Numeric 

Floating Point 

Integer 

Floating Point 
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Many of the items in the receiver card fields are either identical to or analogous to the 

items contained in the transmitter card fields and, accordingly, need no further explanation. 

However, a discussion of the treatment of the spurious responses will be given. 

The amplitude characteristic of the image response of the receiver is synthesized in a 
manner identical to the fundamental response characteristic except that the designated image 
rejection is used to weight this characteristic. The frequency range of consideration for the 
image response depends on whether the local oscillator injection frequency is higher or lower 
than the receiver tuned frequency (See Equation 3-19). In some receivers, the injection 
frequency can be higher or lower, depending on the segment of its operating range in which the 
receiver is tuned. For example, the intermediate frequency of the TACAN receivers is 63 MHz. 
The local oscillator injection signal is derived from the associated transmitter signal. When the 
receiver operates between 962-1024 MHz, the local oscillator frequency lies above the tuned 
frequency. When the receiver is tuned between 1151 -1213 MHz, the oscillator frequency lies 
below the tuned frequency. 

When this situation arises, the receiver should be treated as two separate receivers, one 
for each portion of its operating band. 

As mentioned in Section 3, the frequency limits for consideration of spurious responses 
are specified as discrete frequencies rather than difference frequencies from the receiver tuned 
frequency. In a simplified first level analysis, these limits should be chosen to encompass the 
expected range of spurious responses over the entire operating range of the receiver. For a 
more refined analysis involving specific operating frequencies, only the frequency limits 
appropriate to those operating frequencies should be specified. Note that the specification of 
the spurious response frequency limits in terms of discrete frequencies allows these limits to be 
assymetrical about the tuned frequency. Examination of Equations (3-20a and3-20b) shows 
that the most sensitive spurious responses usually are found at frequencies below the tuned 
frequency when the local oscillator injection frequency lies below the tuned frequency and are 
found at frequencies above the tuned frequency when the converse is true. Thus, the 
specification of the limits of the spurious response frequencies in this manner provides a 
simple, yet flexible, method for enabling different levels of refinement in the analysis. 

Output Formats 

The output of the computer program contains a listing of the input data and the result of 
the analyses. A partial output listing is shown in Figure 4-1. Note that the listing of the input 
data for the transmitters and receivers is presented in the exact order required on the input 
cards previously discussed. 

4-6 



ESD-TR-70-286 Section 4 

O *   C   C   l 

i IB     e c c < 
>k       •      « • re    -    - • 

it r 
*- — c c c c 
L0 i •    •    • • 
m •- # * r c 
c — fw * * — 

c c c c 
c c  c c 
o e e c 
& c c c 

••It C ft. ft. cv « c a- 
<c — 1 

• o c c c 

¥ : * — c c 
C C C   0 c • — - 1   1 

1/1 • 1   1 

c c c c 
a 

c c c c 

il c c «- — 
c * c r 

— sC cr c 
•-  •- 
I u — — ** 
*- c c o c 
IT ~ 
•— I * tt X 3 

-i 

c  c o c 
O C iT ^ 
c a •- r • C  C  tf   c y  • C —  — u K -     • OXCiT 

tt — > 
fctf — «•    fti * _* M 

K _ — *> »n # rf» N. •    • •    * *- a < *   • •  •  •  • ti c c c  o j/j •- X   • m«     *\ *s # 1 z « V - *  c — * c » X i/) ii 
w •- •   • * c ft, 4 O   • X 

c r. _>   • u u. a 
o o o © > j 

c >     • C » t  u c •    • •    • — N* 
o :> c o o a UJ 

•-    • © fti ft. c\ c U.   • •£  (t C   £ u 
ll  — _)   • c w i ff 1 a > B X £_    • •- c 

ru - 

v 

-5 

o e o cr 
y •£ c  c 
£ <M a, ^ 

>   -*   -*   -• 

-I   O   D  3 
»   ~.  -  -4 

X c c o c 
-" B to c CO X 
u. c 
1/1 — 

.   . .   . 
a -« K) m 

li. N m rfi r x 

T 

5" j a -i n 
03   I 3 X C\j ,-j «. O K1  K, 

^ 
3   • l/l i/1 3-   -1 

-.   «T) f\,   ^ 
cr   • * -"> C c\) 

ot 

/I 

O 
1 

ii 

g 
C       - 

c     a 

i 

i   i   i 

it II II 

i   i   i 

<\ ft. <\ 

a:     -^ • 

a. j • 

i/) rg *\j 

« u o 

CT3 

Q 
*-> 
a 
-t-i 

o 
"to 
u 

'o. 

3 

SSfSS 
X  3 I   J 
It J 

I < x B 
P~ *>.      ft* 
*   -» -> o 

UJ « •- « 

O 3 O O 

< -< -> J 
UJ _J <  < 
m o >- k- 2 

E < 
it i JS 

4-7 



ESD-TR-70-286 Section 4 

The analysis results are presented in terms of equation (3-5). Each of the columns is 
self-explanatory except for the remarks column, which is discussed below. The first set of 
listings shown are those transmitter-receiver combinations for which potential interactions are 
predicted. For each potential interfering transmitter, all of the potential victim receivers are 
shown with the computed value of each term in the expression. 

After all of the potential interactions have been listed, those transmitter-receiver 
combinations for which no interference is expected are shown with the computed values of the 
terms in the expression. This listing contains those equipment combinations which require no 
further examination. 

At the end of the list containing the "culled," i.e., eliminated, combinations, a matrix is 
provided which summarizes the expected transmitter - receiver pairs for which potential 
interference is predicted. This matrix is provided only as a convenient qualitative 
quick-reference for the analyst. 

The remarks column contains special notations which are relevant to the analyses. Five 
remarks are possible, as discussed below: 

Curvature Range Exceeded 

This remark indicates that the portion of the path loss due to the curvature along the 
path exceeds 100 dB, the upper limit predicted for the curvature factor. When this situation 
occurs, the model assumes that the curvature factor is 100 dB and proceeds with the 
computation. 

Frequency is Too Low 

As explained in Section 3, when the operating frequency is too low, the assumptions 
used in developing the path loss model may become invalid. When such a situation arises, the 
program makes no computation and a manual analysis is required. The present lower limit used 
in the analysis is 30 MHz. 

Antennas Are Too Close 

When two antennas are too close to enable a calculation of path loss, the program 
assumes that the loss is 0 dB. It then examines the transmitter receiver pair involved based on 
the remaining parameters and either retains or eliminates the comination on this basis. An 
example of this arises with the antenna on the Sabreliner which is shared by a VHF transceiver 
and the UHF transceiver. 
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H = 2r3,4...9 

When the worst case interaction has been determined to be due to a harmonic emission 
rather than the fundamental emission of a transmitter, the interfering harmonic is noted. 

Lk = XdB 

This remark indicates that the path between the transmitter-receiver pair being 
examined involved a knife-edge obstruction due to the nose bulkhead. The amount of 
additional loss which has been automatically included in the path loss computation is noted 
for information purposes. 

Suggested Operating Procedures 

This discussion contains the suggested procedures to be followed during an analysis to 
enable successive levels of ref i nement with a minimum of manual computation. 

First Level Analysis 

The first level analysis is intended to eliminate from further consideration those 
combinations of equipments which are not expected to result in interactions under any 
operating conditions. During this phase, the full tuning range of the equipments should be used 
as input parameters, the specified receiver spurious response limits should encompass all of the 
potentially susceptible frequencies over the tuning ranges, the minimum spurious response 
rejection should be used, and the specified degradation threshold should indicate the 
maximum required S/l ratio for the receiver involved. At the completion of this phase, the 
equipment combinations satisfying the following conditions will be retained for further 
attention: 

1. Equipments with overlapping or immediately adjacent operating frequency 
ranges. 

2. Equipments with harmonically related operating frequency ranges for which 
the harmonic attenuation offered by the transmitter is inadequate to preclude interference. 

As an illustration of representative results of this level of analysis, a typical problem was 
solved on the computer for the Sabreliner aircraft. The analysis consisted of evaluating the 
potential interactions between 11 transmitters and 21 receivers. One reason for the large 
number of receivers is that each TACAN receiver can operate in one of two split frequency 
ranges utilizing one of two alternate antennas. Accordingly, the two TACAN receivers 
required 8 sets of data cards for an adequate description. 
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With this equipment complement, there were 207 possible interactions to be considered. 
The first level analysis described above identified 40 potential interactions requiring further 
examination and eliminated the remaining 167 possible situations. The running time for the 
computer was 25 seconds. 

It should be noted that, since the program does not presently consider the polarization 
mismatch loss as explained in Section 3, this factor should be included manually at the 
completion of the automated first level analysis. This may result in additional equipment pairs 

being eliminated. 

Second Level Analysis 

The transmitter-receiver pairs retained as potential problems after the first level analysis 
can be subjected to a more refined study to determine the expected mutual effects. Two 
approaches to the second level analysis are possible, depending on whether the actual 
equipment operating frequencies are known. 

If the actual operating frequencies are not known, then the second level analysis can 
provide information relating to required frequency separations which preclude degrading 
interference interactions. In order to make this type of determination, each transmitter, and 
the receiver for which it is a potential source, is submitted as a separate problem. 

When the input data cards are prepared for the transmitter, they are completed exactly 
as was done in the first level analyses, except that several combinations of discrete operating 
frequencies are used. Several sets of cards are prepared for the transmitter, each wi li a 
difference in operating frequency equal to the appropriate channel separation. For example, 
the data cards for the VHF communications transmitters would have operating frequencies 
separated by 50 kilohertz. The user should be careful to modify the transmitter description 
(Col. 3 to 12) slightly for each operating frequency so that the output results ran be 
correlated properly. 

The input data cards for the potential victim receivers are also modified slightly for the 
second level analyses. One set of data cards is required for each receiver. In this instance, 
however, the input discrete operating frequency is specified at either the upper, or lower, 
frequency within the operating range of the receiver. In addition, the limiting frequencies at 
which spurious responses are a potential problem are modified to reflect the expected receiver 
susceptibility to this interference mechanism at the discrete operating frequency specified as 
an input. If desired, these spurious response limits may be specified to reflect the assymetry 
noted previously. If this is done the operating frequency should be specified at the uppei 
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end of the operating-range if the local oscillator operates below the tuned frequency, and vice 
versa, in order to insure that this type of interaction is given proper consideration. 

In other words, each combination of transmitters and receivers retained as potential 
interference problems by the first level analysis is further evaluated in the second level analysis 
by sequentially studying the reduction in the expected effects as the difference between the 
equipment operating frequencies is increased. 

This level of analysis can be expected to enable removal from further consideration the 
interactions expected due to harmonically related equipment operating frequencies and those 
interactions involving equipments with immediately adjacent operating frequency ranges for 
which no spurious responses can be expected under worst case conditions. Of course, the 
required frequency separations resulting from this level of analysis must be respected to 
preclude these interactions. 

If the respective operating frequencies are known, the input data can be submitted to 
reflect these frequency relationships and the results obtained will reflect this situation also. 
This raises the immediate question concerning the need for a two-level analysis if the actual 
operating frequencies are known. The response to the question is that there is, in fact, no 
need for the first level analysis if the operating frequencies are known, provided, of course, 
that these frequencies will never be changed. 

The first level analysis will eliminate from further consideration, including future 
considerations, those equipment combinations for which interactions are not expected under 
any possible assignment of operating frequencies. The generalized second level analysis will 
provide frequency assignment guidelines which will preclude undesirable interactions under 
any assignment of frequencies provided the guidelines are met. 

The particular analysis based on specific operating frequencies provides results which 
may be applicable only to the set of operating frequencies submitted at the time. 

Thus, it is recommended that specific operating frequencies be submitted on inputs only 
after two levels of generalized analysis have been accomplished and generalized conclusions 
have resulted. 

Third Level Analysis 

The equipment combinations expected to be retained as potential interference problems 
after the second level analysis are those sharing the same or immediately adjacent operating 

4-11 



ESD-TR-70-286 Section 4 

frequency ranges for which the path loss is inadequate to preclude spurious response 
interference interactions with an acceptable or realizable separation in the equipment tuned 
frequencies. 

Other non-linear effects, such as cross modulation, desensitization,and intermodulation 
must also be considered during this level of analysis. The latter non-linear effects can be 
omitted from the first two levels of effort since they do not arise between avionics equipments 
operating in widely separated frequency bands. 

Because of the detailed nature of the analysis required for responsible conclusions 
pertaining to non-linear effects, the third level of analyses is necessarily accomplished 
manually. In performing this type of study, due consideration must be given to the receiver 
detection process and nature of the potential interfering signal in order that the degradation 
threshold may be adjusted along with the frequency relationships discussed previously. 

If examination of potential interactions due to receiver spurious responses is required, 
the receiver must be modeled to reflect each individual response for which the path loss is 
inadequate to preclude a degrading interaction. This modeling is accomplished by rearranging 
equation (3-5) to provide for a solution of the frequency rejection term, Lf required to 
preclude degradation, and then determining the appropriate value of spurious response 
rejection, Ks, using the procedures set forth in SECTION 3. In this instance, Lf and Ks are 
identical factors. 

The expected occurrence of degradation due to cross modulation and desensitization can 
be estimated by assuming that the receiver input on-tune susceptibility for this phenomenon is 
-20 dBm. The effective rejection of the receiver to this phenomenon is determined by 
calculating the selectivity characteristic of the first RF amplifier. This characteristic can be 
calculated using the methods described in SECTION 3, but it must be emphasized that only the 
tuned circuits associated with the input and output of the first RF amplifier should be used in 
determining this selectivity characteristic. 

Interference due to intermodulation can be ignored on most airplanes. Degradation in 
avionics equipment due to this phenomenon requires the simultaneous operation of at least 
two transmitters and one receiver in the same operating frequency range. 

Additional Applications 

The model presented herein can be used to determine the expected effects of future 
equipment installations as well as the effects of existing complements on any airframe. This is 
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accomplished by the following sequence: 

1. Prepare input data cards describing the proposed equipment using the most 
operationally desirable location on the airframe to determine the required geometrical 
parameters. 

2. Perform two levels of analysis as discussed herein. 
3. If necessary, perform a third level analysis to determine the maximum 

frequency rejection that can be expected between the potentially troublesome equipment 

combinations. 
4. Solve equation (3-5), using this maximum frequency rejection, to determine 

the path loss required for compatible operations. 
5. Perform an analysis using the optimum frequency dependent input parameters 

as constants and varying the proposed location to determine the expected path losses. 
6. Decide on the operational practicality and suitability of the proposed system 

when the maximum expected path loss is determined. 
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SECTION 5 

SABRELINER EMC EVALUATION 

Introduction 

The entire avionics complement on the Sabreliner was subjected to three levels of 
analysis as described in SECTION 4 of this report. In addition to the existing equipments, a 
proposed VHF SATCOM terminal was evaluated, although the evaluation of this installation 
was not made until the third level of analysis. 

First Level Analysis Results 

The input data used for the first level analysis are shown in APPENDIX V. The results of 
this analysis are shown in the form of a matrix in TABLE 5-1. Those equipment combinations 
denoted by an "X" in this table were retained as potential interference problems. The 
combinations denoted by a blank space were eliminated from further consideration. Each of 
the equipments involved may be identified by referring to Figure 3-1 and TABLE 3-2. 

TABLE 5-1 
FIRST LEVEL ANALYSIS RESULTS 

Transmitter 
Antenna No. 

Receiver Antenna Number 
6 7 8 9 10 11 12 13 14 15 

1. Weather Radar 

3. TACAN-2 

4. ATC 

5. TACAN-2 

6. VHF Comm. 

6. UHF Comm. 

7. TACAN-1 

8. VHF Comm. 

9. Doppier 

11. Altimeter 

12. TACAN-1 

X 

X 

X 

X 

X 

X 

X 

X 

X X 

Second Level Analysis Results 

A second level analysis was performed as described in SECTION 4. Becauseof the relatively 
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small size of the Sabreliner, and the concomitantly small coupling losses, the only equipment 
combinations eliminated were the VHF communications transmitters and the UHF 
communications and UHF direction finding receivers. These equipments were eliminated as 
interference situations as soon as the harmonic relationship between the respective 
operating frequencies no longer existed. The equipment combinations remaining after this 
level of analysis were: 

1. TACAN versus the ATC transponder. 
2. TACAN transmitters versus the TACAN receivers. 
3. VHF Communications Transmitters versus VHF Communications receivers. 
4. VHF Communications Transmitters versus VHF navigation receivers. 
5. The UHF Communications Transmitter versus the Glide Slope receivers. 

Third Level Analysis Results 

Each of the Sabreliner equipment combinations retained after the second level analysis 
was subjected to a detailed manual analysis to establish the frequency separations required to 
preclude degrading interference. In addition, the expected mutual effects due to the 
installation of a VHF Satellite Communications (SATCOM) terminal were determined during 

this phase of the study. These predictions are based on nominal equipment characteristics as 
published by the manufacturers involved rather than measured characteristics obtained from 
an adequate sampling of the equipment. Because of this, some variation from the predicted 
results can be expected during actual operations. Further, operational considerations have not, 
in general, been considered. Such considerations could affect the frequency of observation of 
the predicted effects. 

TACAN Transmitter Effects on the ATC Transponder 

The TACAN transmitted pulses will not result in degrading interference to the ATC 
Transponder receiver because blanking pulses are provided by the TACAN equipment which 
disable the transponder for the period of each TACAN transmission. If this were not the case, 
serious effects could be expected, since the input interfering signals from the TACAN, which 
can reach a peak level as high as 32 dBm, might result in damage to the input circuitry of the 
transponder receiver as well as interference due to spurious responses and adjacent channel 
effects. Further, interference due to TACAN interpulse CW is not expected, since the TACAN 
local oscillator signal is prevented from reaching the transmitter power amplifiers by a diode 
switching circuit. 

ATC Transponder Effects on the TACAN Receiver 

The TACAN receivers have a Yttrium Iron Garnet (YIG) input filter which limits all 
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input signals to a maximum level of 10 dBm, thereby precluding any high power interference 
effects in these receivers. However, the determination of the interactions which are to be 
expected between these equipments is beyond the scope of this study, for the following 
reasons: 

1. Each TACAN receiver operates in conjunction with two antennas. The 
antennas are alternately switched into the receiving system to insure that the best quality signal 
is obtained. Thus, the effect of an interfering signal impinging on the antennas depends on 
which antenna is in use and the time relationships between the interfering signal, the desired 
signal, and the antenna switching doctrine. 

2. The detection circuitry in the TACAN receivers is such that when a pulsed 
signal is received and recognized, a timing circuit is enabled, which counts for twelve 
microseconds, nominally. At the end of this period of time, a gate is enabled. If a second pulsed 
signal is recognized during the interval in which the gate is enabled, an output is provided; 
otherwise, the receiver ignores the first pulse and no output results. Thus, the effect of a pulsed 
interfering signal on the TACAN receiver depends on the interpulse spacing of the interference, 
and the time relationship between reception of the interfering pulses and the desired TACAN 
pulses. 

3. The ATC Transponder emissions consist of a coded train of pulses. A total of 
4096 different codes is possible, of which 64 selected codes are presently used. The spectral 
characteristics of the emissions, and the resulting effects on the TACAN receivers will change as 
different codes are used. For example, if a 7777 or a 7700 transponder code is used, the pulse 
train duty cycle will be 0.5 and 0.25, respectively. Under these conditions, the TACAN receiver 
will achieve a steady state response during the pulse train and no second pulse will be detected 
during the gate interval. If a 1311 or 0100 code is used, an interval of approximately 12 

microseconds will exist between certain of the pulses in the train and an erroneous output is 
possible, depending on the time relationships between the interfering pc'se train and the 
reception time of the desired TACAN pulses. 

4. Each individual ATC Transponder pulse has a duration of 0.45 microseconds, a 
rise time between 50 and 100 nanoseconds, and a fall time between 50 and 200 nanoseconds. 
Although 50 nanosecond rise and fall times represent the design goals and the expected 
capabilities of the equipment, the maintenance procedures provide for go-no go acceptance 
criteria of 100 nanoseconds and 200 nanoseconds for the rise and fall times, respectively. 
Further, it should be noted that in spite of the generation of the pulses in the modulator as 
trapezoidal pulses, the output of the transmitter RF stage is taken from a cavity resonator, 
which will tend to shape the output pulses. It can be shown that the spectral characteristics of 
the output pulses change sufficiently as these parameters are varied to enable either a 
conclusion that interference to TACAN could result, if the appropriate codes were used at all 
possible frequency separations, or a conclusion that no interference would result at the 
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minimum separation (approximately 60 MHz) under any of the possible codes. 

Accordingly, an extensive, statistical effort would be required to make estimates of the 
expected effects of the Transponder on the TACAN receivers. Since such a study was not a goal 
of this effort, it will suffice to state qualitatively that degradation to the TACAN receivers as a 
result of the transponder emissions is possible but not probable. 

Mutual Effects Between TACAN Systems 

The expected mutual effects between the TACAN systems on the Sabreliner are nearly as 

difficult to determine as the effects due to the ATC Transponder, because of the technique 
employed to switch the antennas associated with each equipment. One significant difference to 
be considered, however, is that the TACAN transmitters emit a signal which will always satisfy 
the TACAN detection criteria. Therefore, a worst case determination was possible and it was 
found that degrading interference could result due to the sideband energy of one system 
transmitter occurring within the IF passband of the second systems receiver, unless the 
separation in the respective tuned frequencies is greater than 9 MHz. Further, interference may 
also result when the transmitting frequency of one TACAN system falls on the image 
frequency of the other system receiver. The image frequency of a TACAN receiver is located 
126 MHz above or below the receiver tuned frequency, depending on whether the receiver is 
operating in the lower or upper portions, respectively, of its overall tuning range. If the output 
pulses of the transmitters were synchronized in time, no degradation would ever occur since 
the receiver would not be operative when the impinging undesired signals arrived. 

Mutual Interactions Between the VHF Communications Equipments 

The communications receivers were modeled as previously described and the expected 
effects due to the transmitters were determined. Mutual interference between the VHF 
systems can be expected if the frequency separation between the systems is less than 1.8 
MHz. 

The interference will be caused by the spectral energy contained in the noise sidebands 
of the transmitter which fall within the receiver passband. The degradation threshold used 
to evaluate this effect was 10 dB. This threshold was used because the interference signal 
will appear as noise to the receiver. The emission characteristics of the transmitter were 
modeled in the manner described in SECTION 3. 

VHF Communications Transmitter Effects in the VHF Navigation Receivers 

The noise sidebands of the VHF communications transmitters will result in degrading 
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interference to the VOR/ILS receivers if the frequency separation between these equipments is 
less than 0.3 MHz. The interaction will arise in the same manner described above. Since the 
interfering signal appears as noise to the receiver, a degradation threshold of 10 dB was used. 

Effects of the UHF Transmitter on the Glide Slope Receivers 

The emissions from the UHF communications transmitter can result in degrading 
interference to the Glide Slope receivers by exciting a spurious response in the receiver, and 
by exciting a response within the receiver passband due to the transmitter noise sidebands. 
The spurious responses which could arise include the receiver image response and the 
response which arises when the frequency separation is one-half of the intermediate 
frequency (p = q = 2 in equation 3-20b). These potential spurious interference situations can 
be precluded by insuring that the UHF transmitter is not tuned 102.4 MHz ±60 kHz, or 
25.6 MHz ±50 kHz below the tuned frequency of the Glide Slope receiver. Degrading 
interference due to the noise sidebands of the transmitter can be avoided if the separation 
between the tuned frequencies of the equipments is 0.6 MHz or greater. 

Expected Effects of Future VHF SATCOM Terminal 

Since the detailed characteristics of the equipment to be used for future voice 
communications using a satellite are not fully known, certain assumptions had to be made to 
enable an evaluation of the impact of such a terminal. These are: 

1. The SATCOM receiver characteristics were assumed to be identical to those of 
the existing Sabreliner VHF communications receivers, except that the sensitivity has been 
increased to — 111 dBm, rather than —97 dBm, in accordance with ARINC characteristic 566. 

2. The SATCOM transmitter terminal was assumed to have identical 
characteristics compared to the existing VHF transmitters, except that the output power will 
be 500 watts. 

3. The SATCOM antenna will be circularly polarized with OdBi gain as set forth 
in ARINC Characteristic 566 and will be located on the top centerline of the Sabreliner 
fuselage approximately at Frame Number 135. 

4. The VHF SATCOM terminal will never be used simultaneously with the 
existing VHF communications system whose antenna is installed on the top centerline at 
Frame Number 168 i.e., the use of both of these systems is assumed to be mutually exclusive. 

Based on these assumptions, it was found that the proposed SATCOM Terminal would 
result in degrading interference to the VHF navigation receivers and in mutual interference 
with the VHF communications system located on the bottom centerline at Frame Number 
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135. In each instance the interference effects will result from the noise sidebands of the 
transmitters involved. Degradation in the VHF navigation receivers can be avoided if the 
SATCOM transmitter frequency is separated by at least 15 MHz from the receiver tuned 
frequencies, i.e., no degradation will result if the SATCOM frequency is above 133 MHz. 

Mutual interference between the VHF communications systems can be precluded if the 
frequency separation between the respective tuned frequencies is at least 4.2 MHz. It should be 
noted that this restriction is applicable in both directions. The existing VHF communications 
transceiver has a transmitter output power of 25 watts and a receiver sensitivity of —97 dBm. 
The proposed SATCOM equipment has a transmitter power of 500 watts and a receiver 
sensitivity of —111 dBm. Thus, the difference in transmitter powers of 13 dB virtually offsets 
the difference in receiver sensitivities (14 dB) for interference calculations. 

No other interference is expected provided that harmonic relationships between the 
operating frequencies of the SATCOM system and the remaining receiving systems on board 
are avoided when making frequency assignments. 

5-6 



ESD-TR-70-286 Section 6 

SECTION 6 

MODEL EXPANSION POSSIBILITIES 

General 

As stated previously, the development of the prediction model in the form of an 
expression has resulted in an inherent modular characteristic which is amenable to expansion 
and modification. This section will provide a discussion of possible improvements and the 
methods viewed as providing promise toward realization of a full prediction model. 

Antenna Gain Calculator 

First, it was mentioned in SECTION 3 that an antenna gain subroutine could be 
developed which would calculate the gain expected from any antenna on the aircraft. This 
parameter is currently obtained from manufacturers information or, in the case of aperture 
antennas, modeled theoretically using manual techniques. Both of these methods could be 
accomplished by automating the expressions used by an engineer to provide the input data 
required herein. In addition, the required information could be converted into a statistical 
parameter by obtaining sufficient information to confidently predict the expected variations 
in antenna characteristics due to different manufacturers, different antenna types, different 
aperture sizes and different scanning principles, as appropriate, between antennas performing 
the same functional mission. A probabilistic representation of antenna gains would also be 
more meaningful for considerations involving aircraft-to-aircraft or aircraft-to-ground 
environment problems where perturbations in antenna gain could be expected due to 
irregularities in airframe geometry, and scanning principles versus aircraft or ground equipment 
orientation and location. 

Improvement In Coupling Loss Predictions 

A second area of possible expansion involves improvement of the path loss prediction to 
include the expected range of errors involved in the theoretical calculations. As mentioned in 
SECTION 3, the errors experienced between previous predictions and actual observations can 
be expressed statistically. Further, it is suggested herein that the coupling losses predicted 
between Sabreliner equipments be verified and reported to the ECAC. When this has been 

accomplished, the observed variations should be used to improve the prediction model using 
statistical techniques. 
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Input Preprocessor 

As indicated in SECTION 3, the model can also be expanded and improved by 
development of an automatic pre-processor which will minimize the number of required input 
data as well as the effort required to obtain them. This approach will be mandatory if the model 
is expanded to enable consideration of an aircraft-to-ground environment prediction process. 
The most extensive environmental data base known to exist in the world is maintained by the 
ECAC, but the format of these files is not immediately amenable to a realistic solution of this 
type of problem without a buffering pre-processor as contemplated herein. This pre-processor 
could also be developed to reflect expected variations in statistical terms, although the time 
required to describe the ground equipments in this manner would be substantial. 

Statistical Prediction Model 

The remaining parameters shown in Equation (3-5), which are largely input parameters 
describing equipment performance, could be expressed statistically by determining the 
variations expected among equipments used for the same functions on different airframes as 
supplied by different manufacturers. The development of such a variational representation 
would require interchanges of information between the developer and airframe manufacturers, 
airline users, equipment manufacturers, and the military services, or an agency familiar with 
military equipment installation, performance, and operation, such as ECAC. 

Suggested Improvement Sequence 

A sequential improvement and expansion program is suggested herein. Certain of the 
steps could be accomplished simultaneously. The steps indicated follow a sequence which is 
convenient, without regard to operational necessities. They are: 

1. Develop an input pre-processor for the existing model using deterministic 
expressions, which will minimize the number of required input parameters. 

2. Develop an antenna gain subroutine which includes a calculation of expected 
gain and polarization mismatches, and results in an effective mutual gain calculation between 
antennas on an airframe. 

3. Expand the coupling loss subroutine to reflect the distribution of expected 
errors, including the errors previously observed as well as those observed by FAA when 
verifying the predictions reported herein. 

4. Expand this overall model to incorporate different coupling loss models and 
expand the prediction capability to enable estimates of interactions in an 
aircraft-to-environment (both airborne and ground) situation. 

5. Convert the prediction techniques to enable calculations in probabilistic 
terms. 
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APPENDIX I 
*** ***' .* 

COUPLING LOSS SUBROUTINE 

This Appendix contains the flow diagram and program listing for the subroutine used to 
compute the expected path loss between two antennas on an airf rame. The flow chart is shown 
in Figure 1-1. The program listing, which is written in the FORTRAN V language, is shown in 
Figure I-2. 
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SUBROUTINE    CUDSS 

FHCO, OUT I, DI8T2, ANGLE (2), ANTHT I, ANTH2, RANT (2), 

•OUT, IHT, BULK, CURV, FREE, TOTAL, ERROR 

_L 
RADIAN'S7.2«9779 

YES      /RETURNA 
iERRORv 

S 

YES 

3 AXIS*  I DISTI -DIST2I 

ANGLOC' I ANGLE(I)- ANGLE (2) I 
CURV«0 

YES      /RETURN 

ANGLOCXebX YES 
?                y/ 

l_NO 

BOIST 
"AND  BHT 
^BOTH ZERO 

? 

YES 

DMIN=   MIN (DISTI , DIST2) 
DMAX* MAX (OIST I, DIST2) 

NO 

*\ 

® 

/ 

Figure 1-1. Coupling Loss Subroutine Flow Diagram. 
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YES 

~1 

PHI= COSINE   (ANGLOC/ RADIAN) 
B=ANTHI2+ ANTH22- 2 -ANTHT1-ANTHT2 • PHI 
RMIN s MIN( ANTH I , ANTH 2) 

THIS     ROUTINE 

FOR  USE   FOR 

THE    BULKHEAD 

CASE 

YES 

D = DIST I 

YES 
D= DIST 2 

H = V BHT2+  RMIN2- 2-BHT- RMIN- PHI IBDIST-Dl 
2 AXIS 

D=   MIN ( I BDIST-DISTII ,   | BDIST-DIST2 I ) 

20 D 
BU .„     .„ (  H2 FREQ \ 

LK = 10 • log,-   (    ) 
10   \ 20 D        / 

FREE= 10  log     [ .0001635    FREQ2- (2AXIS + B)] 
'10 

I 1 

Figure 1-1. (Continued) 
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H=ANTH2 
A=ANTHTI 
THETAi -.   ANGLE (1 ) 
l\ • DIST  1 
12>0IST2 

H=ANTHTI 
A=ANTHT2 
THETAI.ANGLE (2) 
»I«DIST2 

i 2= DIST I 

THIS  ROUTINE 

FOR USE WHEN 

ONE ANTENNA 

IS   RAISED 

AND  ONE  IS 

ON   THE 

BODY 

NON- 
LINE- 
OF- 
SIGHT 

THETAI = 360- THETA I 

LINE -OF-SIGHT 

HSEP   -Jl AXIS2*  H^A2 -2   H   A     COS (THETA 

T= THETA I   -THETAP 

»2-A T-l-il-VH2-A2 

A  T-t-VH2-A2 

Rl • V1 il-iPI2+A2 T2 

R2 = Vl*2-*Pl?*-H2+A2-2HA.COS(THETA PI 

MHSEP=RI  + R2 

T« T-RADIAN 

I  ._J 

Figure 1-1.  (Continued) 
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I  
BOTH   ON 

BODY 

Appendix I 

A'V'NTHTl ANTHTl 

II- MHSEP 

T.  »N0LOC 

FAEE'O 

FRCE'IO   iMpoGoOOIBSS (FKEO    MHSEPI2] 

TOTAL • BULK + CURV + FREE 

Figure 1-1. (Continued) 
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ooni 
ooui 
00113 
00113 
00115 
00H6 
00117 
00120 
OOUI 
001*2 
001*3 
00125 
001*6 
00131 
00132 
00135 
00136 
001*0 
001<«2 
001H3 
001«<» 
001O6 
00151 
00152 
0015} 
00155 
00155 
00155 
00155 
00157 
00160 
00161 
001b2 
00165 
00166 
00170 
00170 
001'1 
00172 
00173 
001'5 
001'6 
00176 
00176 
00176 
00177 
00177 
00177 
00177 
00202 
002U4 
00205 
00*06 
00207 
00*10 

8* 

10» 
u» 
12* 
13» 
1H» 
15» 
16* 
17« 
ia» 
19» 
20» 
21* 
22» 
23» 
2H» 

25» 
26» 
27* 
2B* 
29» 

30» 
31« 
32 • 
33» 
3"»« 
35« 
3b • 
37« 
3B« 
39» 
*0» 
*1» 

»3» 
<*«** 
H5« 

»6» 
H7» 
"»8» 
»9» 
50 • 
51* 
5*» 
53» 
5*» 
55» 
56 • 
57» 
58» 
59* 
60» 
61» 
62 » 

DATA T ' -1'.2. .3>.5'.7>1.. 2..J.<5.> 7.>10.'15>i 
1*0.. 25.1 30. . HO.. »5..S0.. 10U. / 
UA1*  PM / .2>.«>.6. l.'1.3> l.V»3.9'5.7.9.»<12.9«17.5> 
1*5.5.32.3'JS. .*5.'5'.» 62.5.67.5.100. / 
t-UNCTI«) = l».»AL061Dt .0001635**) 
CALL INTRUFMO) 
BULK=0. 
CUHV=0. 
FKEE=O. 
TOTAL=0. 
IF(FREO.LT.30.160 TO 152 
tHK=l 
DO 30 1=1.2 
ANGLE. 11) =AMOD ( ANGLE (111 360 . I 
IF I ANGLE!1 I I 10 00.20 

1U AN&LEU >=AN6LLU>*36u. 
2U IFIRANTU) .EQ.llGO To 1 JO 
3U CONTINUE 

ZAXIS=ABS(D1ST1-0IST*> 
ANGLOt = ABiIANGLE 11)-ANGLE <2 >) 
IF IANGLOC.bT.1HO IAN6L OC Z 360.-ANGLOL 
IF1BDIS1»8MT)6'B 
UMIN=AMIN1I0IST1>0I5I2) 
UMAX=ANAXK0IbTl>DISI2( 
1FIBDIST.LT.DM1NIG0 '0 B 
lFlBOISr.GT.DMAXIGO '0 S 

BULKHLAU CASE 

PHl=COS!ANGLOC'RADIAN) 

B=ANTHT1»»2*ANTMT2»»*-2.»ANTHT1««NIMT2»PH1 
KMlN=AMINl(ANTFITlrANIHT2l 
1F<BHT-KP»IN»15H 
D=UIST1 
1F(ANTHT2.LT.ANTHT1>U=DI5T2 
M=S0RTtBMT«»2*K«IN*»*-2.»BMT»R«lN»F,HI» 

. ~SeKT(B'*ABS(IBDI>!-D>/lAXIS> 
U=AMINltAB5»BDlST-DlSTl)«ABS(B01ST-OlS12)l 
BULK=10•VALOGIU tH*H*F REQ/2U./U) 
1FIBULK.LT.6)BULK=6> 
FKtE=FUNCTIFREU»»2»«*AXIS»»2*B»l 
GO TO 131 

L 

L 

L 
L»» 
I 

NO BULKHEAD INTERFEKt-S 

IF«RANTI1I*RANTI2)-1'110»*U»100 

ONt ANTENNA RAISED* UNE ON AIRFKjMt. 

IF (RANTU)-E0.1)60 TU 50 
M=ANTHT2 
ASANTHT1 
THtTAl=ANGLEIll 
<1=0IST1 
«=DIST2 

Figure 1-2. Continued. 

1-7 



ESDTR-70-286 Appendix I 

00211 
00212 
00213 
0021* 
0021b 
00216 
00217 
00222 
00223 
00225 
00226 
00226 
00226 
00226 
00231 
00232 
00232 
00232 
00232 
00233 
0023V 
00235 
00236 
00237 
002*0 
002*1 
002*2 
002*3 
002*3 
002*3 
002*3 
002** 
002*5 
002*5 
002*5 
002*5 
002*6 
002*7 
00250 
00251 
00252 
00252 
00252 
00252 
00255 
00256 
00260 
00262 
00265 
002 70 
00271 
00273 
00275 
003U0 
00301 

63* 
b-l' 
b'j* 

6b • 
67« 
6B* 
69* 
T0» 
7l» 
72 • 
73* 
7** 
75* 
76 • 
77* 
78* 
79* 
80* 
81* 
82» 
83* 
8** 
85* 
86* 
87* 
88* 
89* 
90* 
91* 
92* 
93* 
9** 
95* 
96* 
97* 
98* 
99* 
100* 
101* 
102* 
103* 
10** 
105* 
10b* 
107* 
10B* 
109* 
110* 
111* 
112* 
113* 
im* 
115* 
116* 
117* 

00 TO 55 
50 H=ANTHT1 

A=ANTHT2 
lMtTAl=ANGLE<2> 
Z1=UIST2 
Z2=D1ST1 

55   IF (TMHA1 1100. 100.60 
bO   TntTAP=ACOS<A/HI 

IF lTHtTAl.&T.180.)TMt.TAl=360.-TMrT»l 
lMfcTAl=rHtlAl/HADIAN 
IF <THETA1-THETAPI70<'0»80 

C 
t*» L1NE-OF-S1C.HT   FROM   RAISED   ANTENNA   10   ONE   ON   BOOT*      COMPUTE   DISTANCE* 
t 

'0   MHSEP=SURTIZAXlS**2*n*H-2.*H*A*CnS<THtTAl>»A*A> 
bO   TO   125 

C 
L*« COMPUTE   TOIAL   UISTANl-E   FOR   NON-LlNt-OF-SlbMT   CASE. 
L 

80   T=THETA1-THETAP 
ZP= ( Z2*A»T•ZltSQRT IH*H-A»A ( I / I A* T*b9KT I M»M-A»A) I 
P=ABSIZ1-ZP> 
K1=S8HTIP*P*IA*T>*»2> 
P=ABSlZ2-ZPl 
R2=SGRT<P*P*H*H-2.*H«A*COS<THETAp>«>A»A> 
MH5EP=R1*K2 
T=T*RADIAN 
bO TO 120 

LINE-OF SlbHT IANGLE ZERO) 

100 NH5EP=SQRT»ZAX1S»*2*>ANTMT1-ANTMTZ'**2I 
bO TO 125 

L 
(.**   BOTH ON BOUT. COMPUTr SEPARATION DISTANCE* 
L 

110 A=SQRT<ANTMT1»ANTHT2> 
MHSEP=SURT<ZAX1S**2*1A«ANGLOC/RAOIAN>**2) 
K1=MHSEP 
T=ANGLOC 

120 1F(H1)1*0'1*0.122 
(. 
L*»   COMPUTE CUHVATURE FACTOR AROUND lOUT AND FIND LOSS. 
C 

122 CFCURV=T*T*A*.U0076'»*SMRT<FREQ'9a»./Rll 
IF(CFCURV.bT.100.160 TO 15U 
lFtCFCURV.LT..l>60 TU »25 
DO 126 1=2.19 

12b IFICFCUKV.LT.T>D 160 TU 127 
RETURN 0 

12/ iFII.L0.2)bO TO 129 
1HI.EQ.19180 TO 128 
1F(T1I)-T11-1)-2.»ICFCURV-T(I-1»))129.129'128 

12B 1=1-1 
129 U=T(I*1>-TU) 

Figure 1-2. Continued. 
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APPENDIX II 

COUPLING LOSS MEASUREMENT PROCEDURES 

This Appendix contains generalized test procedures which are applicable for the 
validation of the coupling losses indicated in this report (See Figure 3-3, SECTION 3). Two 
measurement methods are described, a directly indicating technique for the coupling losses at 
frequencies below 1000 MHz, and a signal substitution technique for measuring the coupling 
losses at frequencies above 1000 MHz. 

Direct Measurement Technique 

The test equipment configuration to be used for the coupling loss measurement at 
frequencies below 1000 MHz is shown in Figure 11-1. 

TRANSMITTING 
ANTENNA 

RECEIVING 
ANTENNA 

V V 

TEE 
CONNECTOR 

-o- SIGNAL 

GENERATOR 

MATCHED 
LOAD 

TEE 
CONNECTOR 

c=r-^r? 

A   B 
0  0 

TUNED 

VOLTMETER 

Figure 11-1.  Equipment Configuration for 
Measurements Below 1000 MHz. 
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The types of equipments recommended for use are: 

Signal Generators 

Tuned Voltmeter 

Tee Connectors 

Matched Load 

Frequency Range 

10-480 MHz 
800-1000 MHz 

1-1000 MHz 

1-1000 MHz 

1-1000 MHz 

Type 

HP-608E, or equivalent 
HP-8614A, or equivalent 

HP-8405A, Vector 
Voltmeter, or equivalent 

HP-11570A, Accessory 

Kit, or equivalent 

If these equipments are operated in accordance with the manufacturers instructions and in the 
illustrated configuration, the following parameters can be read directly. 

1. The voltage applied to the transmitting antenna. (Channel A). 
2. The voltage applied across the matched load of the receiving antenna. (Channel 

B). 

The observed coupling loss is then: 

Coupling loss (dB) = 20 log Channel A voltage/Channel B voltage 

In performing the measurements, the following procedures should be followed for each 
transmitting/receiving antenna combination being considered: 

1. Disconnect transmission lines associated with the transmitting and receiving 
equipments under consideration at the input to the respective equipment. 

2. Connect the transmitting and receiving transmission lines to the proper tee 
connectors as shown in Figure 11-1. 

3. Tune the signal generator to a convenient frequency within the operating range 
of the transmitter. 

4. Tune the voltmeter to the same operating frequency as that of the signal 
generator. 

5. Record the output voltage level of the generator as indicated with the 
voltmeter selector switch on Channel A. 

6. Record the received voltage level as indicated with the voltmeter selector 
switch on Channel B. 
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7. Repeat the measurement four additional times at different frequencies within 
the operating range of transmitter. 

8. Reverse the antenna connections and perform the measurement five additional 
times on the same operating frequencies previously used. 

This procedure should be followed until the coupling losses have been determined between 
each transmitting antenna which normally operates below 1000 MHz and all of the remaining 
antennas on the Sabreliner. 

Signal Substitution Method 

The test equipment configuration to be used for measuring the coupling losses at 
frequencies above 1000 MHz is shown in Figure 11-2. 

TRANSMITTING 
ANTENNA DIRECT   PATH 

I— 
I 

POWER 

METER 

I 

I  AMPLIFIER 

(IF REQUIRED) 

SIGNAL 

GENERATOR 

SPECTRUM 

ANALYZER 

SIGNAL     SUBSTITUTION   PATH 

RECEIVING 
ANTENNA 

Figure II-2.  Equipment Configuration for Measurements 
Above 1000 MHz. 
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The types of equipments recommended for use are: 

Frequency Range Type 

Signal Generators 

800-2400 MHz 
1800-4500 MHz 
7-11 GHz 

Spectrum Analyzer 

10 MHz-40 GHz 

HP-8614A, or equivalent 
HP-8616A, or equivalent 
HP-620B, or equivalent 

8555A/8552B/141T   or equivalent 

Amplifier (If Required) 

7-11 GHz 

Power Meter (If Required) 

7-11 GHz 

Connectors & Adapters 

HP-495A, or equivalent 

HP434, or equivalent 

as required 

In performing the measurements, the following procedures should be followed for each 
antenna combination to be considered: 

1. Disconnect the transmission lines associated with the transmitting and 
receiving equipments under consideration at the input to the respective equipments and 
connect them to the test instruments as shown. 

2. Tune the signal generator and spectrum analyzer to a frequency within the 
operating range of the transmitting antenna. 

3. Set the attenuator control for the signal generator in its highest position (lower 
power output). 
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4. Set the sensitivity control of the analyzer in its mid-range position and the 
attenuator in its lowest position. 

5. Increase the power output of the generator until a clearly visible signal is 
shown on the spectrum analyzer display and record the output power of the generator in dBm 
as well as the reference level to be used with the analyzer. 

6. Decrease the generator output signal to a minimum level (maximum 
attenuation). 

7. Disconnect the test equipment from the Sabreliner transmission lines and 
connect the signal generator directly to the spectrum analyzer through a short piece of 
transmission line as indicated for the signal substitution path in the figure. 

8. Increase the power output of the signal generator until the visible signal to the 
analyzer is at an identical level to that previously recorded. 

9. Record the output level of the generator in dBm. 
10. The coupling loss is equal to the algebraic difference in dBm, between the 

output power recorded for the direct path and the output power recorded for the substitution 
path. 

11. Repeat the measurement four additional times at different frequencies 
within the operating range of the transmitter. 

12. Reverse the antenna connections and perform the measurements five 
additional times on the operating frequencies previously used. 

13. Repeat the procedure for each transmitting antenna with an operating 
frequency above 1000 MHz. 

Special Procedures for 7-11 GHz Substitution Measurements 

When the operating frequency is between 7-11 GHz, it may be necessary to further 
amplify the signal generator output to obtain a usable direct path signal on the spectrum 
analyzer display. If this becomes necessary the following procedures apply: 

1. Insert the amplifier between the signal generator and transmitting antenna as 
shown by the dashed lines in Figure 11-2. 

2. Increase the power of the signal generator until a usable signal is observed on 
the analyzer. 

3. Record the output power indicated on the signal generator. 
4. Reduce the output level of the signal generator and substitute the power meter 

for the transmitting antenna. 
5. Increase the output level of the signal generator to the level recorded in 3. 
6. Record the amplifier output level as indicated by the power meter. 
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7. Disconnect the signal generator from the amplifier, disconnect the analyzer 

from the receiving antenna, and connect the test instruments to each other as shown in the 

figure as the substitution path. 
8. Perform Steps 8 -13 as described in the previous procedures. 

Precautions to be Followed 

It is desirable that these measurements be made while the Sabreliner is in flight to 
minimize perturbations due to objects in the physical environment. In addition, all of the 
transmitting equipment installed on the airplane should be de-energized for these tests to 
prevent contamination of the measurements by undesired signals. It is recognized, however, 
that these two options may be mutually exclusive. Since the second factor is obviously more 
important in terms of potential effects on the observed data and more easily achieved from 
a logistical point of view, it appears satisfactory to perform the measurements while the 
aircraft is on the ground. Nevertheless, the aircraft should be in an area which is as clear as 
possible with respect to nearby metal objects, and the test frequencies chosen should be 
separated as far as is feasible from the frequencies in use by the nearby operational 
equipments. 

Finally, although Figure 3-3 of this report contains no coupling loss predictions involving 
the HF long wire antenna on the Sabreliner, the measured value of the losses between the HF 
antenna and other antennas on the aircraft should be obtained. Further the losses should be 
obtained on at least five operating frequencies within the HF range. 
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APPENDIX III 

FREQUENCY ANALYSIS SYSTEM (FAS) SUBROUTINE 

This Appendix contains the flow diagram and the program listing for the FAS 
subroutine used to calculate the relative rejection characteristics of receivers. The flow chart 
is shown in Figure 111-1. The program listing, which is written in the FORTRAN V language, 
is shown in Figure 111-2. 
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[   START   j 

YES 

G> 

TX S RX  \ YES 

IN-BAND 

NO 

YES 

i 
COMPARE REJECTION 
FOUND  FROM I BAND 
(OR OBAND) WITH THAT 
FOUND   FROM IMAGE 
SELECT  LARGER VALUE. 

( RETURN) 

COMPUTE 
COCHANNEL 
REJECTION 

CALL     IMAGE 

SUBROUTINE 

CALL   I BAND 

SUBROUTINE 

NO 

CALL    0   BAND 

SUBROUTINE 

CALL   IMAGE 

SUBROUTINE 

Appendix III 

CALL HARM 

YES  1 
SUBROUTINE 

CONSIDER^S. 

HARMONICS   >^ 

Figure 111-1.  FAS Flow Chart. 
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START 

YES 

Appendix III 

NO 

COMPUTE      REJECTION   FOR   MAIN   POWER 

TRANSFER     AT    fr 

CALL POWER    SUBROUTINE   ANO   ADD    POWER 

CORRECTION    FACTOR    AND    CORRECTION   FOR 

PULSE    COMPRESSION    MODELING   WHEN 

NECESSARY 

COMPUTE    REJECTION    FOR MAIN   POWER 

TRANSFER     AT    ff 

SELECT   LARGER   VALUE OF ABOVE 
TWO   CALCULATIONS 

Figure 111-1.   (Continued). 
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OBAND 

COMPUTE    REJECTION  ASSUMING    MAIN    POWER 

TRANSFER   AT   fr 

CALL  POWER   SUBROUTINE   AND    ADD   POWER 

CORRECTION    FACTOR AND  CORRECTION   FOR 

PULSE    COMPRESSION MODELING    WHEN 

NECESSARY 

COMPUTE  REJECTION   ASSUMING   MAIN   POWER 

TRANSFER   AT   ft 

SELECT   LARGER  VALUE   OF   ABOVE    TWO 

CALCULATIONS   AND   ADD   SPURIOUS 

REJECTION 

Figure 111-1.   (Continued) 
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Figure 111-1. (Continued). 
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START 

POWER 
NO s'     PULSED\. NO ^"PULSEC COMK. 

CORRECTION ^S.           TX           >^"                          TX            
FACTOR  IS 1 

YES YES 

" ' 1' /-N COMPUTE COMPUTE 
[   RETURN] CORRECTION CORRECTION 

v J DEPENDING   ON DEPENDING   ON 
V ^ CASE CASE 

1. COCHANNEL    MIN 1. COCHANNEL MIN 
(l,BrT,2) (l,Br

2Tt/B„) 

2 OFF-TUNED 2 OFF-TUNED 

a) Br T% FOR a) Br i; FOR 

Br  Tj < 1 Br \ <l 

b) Br T$FOR b) Br ^ FOR 
2 2 

Brr >l Br T, > 1 

COMPUTE    PULSE   COMPRESSION   MODELING  CORRECTION 

DEPENDING   ON CASE. 

1        Blt     T8 

B 
FOR It I 

TTS 

2     B . T. (-hj (-A-.J• >    i 

Figure 111-1.    (Continued). 
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HARM 

(   START   J 

FIND     HARMONIC   CLOSEST 

TO  RECEIVER   TUNED 
FREQUENCY 

YES RETURN TO COCHANNEL 

PATH 

EXAMINE   H-l, H, H+l    ELIMINATE   ANY 

WHICH   ARE  OUT-OF-BAND   UNLESS THEY 

ALL   ARE.   ESTIMATE    REJECTION  CAUSED 

BY  EACH AND PICK THAT  HARMONIC 

WHICH   YIELDS   LARGEST   VALUE.  WITH 

A  FILTER   PRESENT, REQUIRE THAT THE 

HARMONIC  IS  PICKED INSIDE   THE FILTER 
LIMITS. 

Figure 111-1.   (Continued). 
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0-1' I 
0; id i 
O'jU'l 
0*11> I 
0; i HI 

or in i 
Ocnil 
-C I il I 
JO 101 
UtllUI 
a-im 
Ocini 
oo lei 
00 I III 
Oiini 
Oairi 
091'M 
09101 
00 MM 
001 Ml 
Ooini 

Or ml 
Ocini 
09101 
OC I 'I I 

001 n I 

OjlGt 

00 I n I 
OOIOI 

0CI01 
or i nt 
OCIOs 
onins 

ooio* 
OGI'X. 
oen.'» 
00107 

oci lr 
031 I r 
0=111 

001 11 
03 I IS 

001 I ; 
ooi Jn 
00172 
00123 
001 7* 
0012s 
oai ;» 
00127 
OOl.lo 
001 I I 
Ooi 3* 
001)3 
091 3 •» 

)• 

•^ • 

• • 
7. 
A. 
• • 

10* 

I I* 
I ?• 
I >• 
!•>• 
IS* 
l»* 
I 7. 
Id. 

I»* 
2D. 
2]. 
22* 
2). 
If 
2S« 
24* 
27. 
21. 
It* 
30. 

II* 
)2. 
33. 
.!*• 
IS. 
j». 
37. 

JR. 
)»• 
<I0* 
«l* 
12* 
11* 
ti. 
IS. 
»*• 
17. 
*H * 

**• 
SO* 
SI • 
S2. 
SI* 
s** 
ss* 
S*» 

• •• TM|S sU«»out|Ni OLCULIUS OfF-F RESUENCT RCJECMu>- 

• •• |>.PUt P«f"»Mliti,, 

•'• FIRiFiK - 
• •• n.f» 
••• H|,«2 
• •• BN 
••• FIF 
••• LOP 
• •• . | 
• •• KS 

- LO.,EK   »n0   uPilK   LIMITS   OF   TONlo   FRn.UE«t»    I'Utt 
• LO.»IK »N0 UPPER F*r«utNCT cu'orr ro« SPURIOUS RESPONSE  latai 
- Fl«il    Ai.r,   SECONfc   SCLECTIVMT   SLOPE   rALLUTS    IBB/OtC) 
- •»>.0«|Olh    l-i.,2 1 
- INTCNnCOUrt FutnUtNCT IMH2I 
- LOC«L O^ILL.TOR POSITION I A. A Ru » t , a -BE L 0. . , -UN. NO.* l 
- IN»6t RIJECTION (OKI 
* SPuRll.Us *EJlCT10« IOBI 

••• TNANSKlTTtR 

FII.F21 • LO*En AND UPftK LlxlTS Of TUNED FRENUENCT I -HZ) 
FC.Fj - LO.tK ANU UPPER Ll"ITS Or FILTER IHH2> 
»IT,»il - FIRST »«-0 StfOND »»NO*IOTMi INH2| 

i.ii - FUST AND stfONo EMISSION SPECTRUM SLOPI r»Ltorrs IOB/OICI 
II ' "All- » HARMONIC NUHRIR TO COMJ|0(,  ||  TO fl 
MHI - MAkHOl.lC "EJECTION  I0B1  (Up TO LltHT DIFFERENT LCULS *LLO*[DI 
TJ* - HOouL»TlnN T»PF_ ITJ* - MODULATION T»PE 
IPCOHP - PULSL COMPRESSION INDICATOR 
TAU - STREUMCO PUL*1«|0TH IUSEC) 
PPT - PULSE RISE Tl»E lUSECI 

•"I M <K| .KS.M2.N1 .KH.NZ.LF.LFI ,Lr2|LFJ 
INTE'.ER M.CCMML 
C0HMON/RSL0CII/A|J;|,FIF .»",i<2l,M|.F|N.r2R.I(i , AS,LOP.I. F | ,01 i I .Pit. 

•tiiTi,r»tr«,»»Lli«oi 
CONMON/T»LOC«/W|J3I ,RlT,F(|>,M34.N|,F|t,F2T,nH<RI,N2,fc<3l,PRT, 
•<i<l(2>,TAU,R|3), IPC0MP.|C,F0,«KI1| ,R2T,N|l,TRL||*|l 
C0HPOs/P»LOL«/»,l 1*1 ,L» IHSI2I .H.PBL 1 37 I 

c ••• THIS tOM«ON ULOjK |S &|ME«ATEO •» OFR 

conHoN/i»LOc«/ctMl,L,Pc,Lri.Lr2.tri,or,OFs,»N,|N».,rlp.rir,orilori, 
*t>f),UFH.0Fb,r.F»,0iriLI.DFF|L2.PI 
DATA f 1/3. |1 |S»,7/ |C/ |nC/ 
P|>N|/|0> , 
IF I IPCUPI'.EO.K I UO TO 1 
r,u TO 3 

I  IF (»l T/2.LT. | /IPI.PRTI I  1,0 TO ) 
N|*N2 

3 |M»4*u 
M*l 
CCHNL.I) 
N|>N|/|0 
N2*N2/|U 
H|«Ml/|U 
Mi-H2/|0 
OF|«r|T-r2R 
OF 2*F|F(-r2T 
B«*»H»«I l»IT,.«l 

Figure 111-2.  FAS Program Listing. 
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Figure 111-2.   Continued. 
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mi r               *         ~~  x  *   * 

^ —    —    ————— J--i<<'-»3'.»T,0'-'>*rXX 
x oooaoo ooooooooooooooo 
o ooooooooooooooooooooo 
»- oooooaooooooococoaooo 
lA 
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Oi|(j| i • 
OOIO) 7. 
Oomi I. 
001 Ob H 
0010* 4. 

OCI 06 »• 

iw, 7. 
• • 

Ooi In »• 
0311- |0«   { 

001 1 1 1 !• 
001 1 1 1 !• 
ooi 11 1 )• 
OCI I* 1 M 
ooi I r 14. 
00120 !»• 
00120 17*   c 
001 JO !••   C 

OOI 2! l»« 
00121 10* 
00124 »!• 
0012* 22* 
OOI 10 2)« 
Ooi Jo 2lt   c 

ooi ID 24.   C 

OOUI 2*. 
0011} 27. 
001)1 to* 
00 lit 2t. 
001)4 )U. 
OOD; 11* 
001)7 *2.   c 
001)7 )).    c 
ooin 1*. 
00112 14. 
OOID )*• 
ooin )7. 
0011* )*. 
00I1S )».   C 
oon* 10. 
OOlSu in 
OOI 40 12.   c 

00141 i). 
Of IS) ii. 
00141 IS. 
00144 1*. 
0014* 17« 
001*0 1*. 
Oci*r If.   c 

OOI in 40.   c 
oei*« 41.   C 

00141 42. 
OOMI 4). 
001*1 SI. 

4UnRnui lit    l>-»i,t 
KlAl    MliK|,KS,H2(N|,Kil|N2,LF,Lri,Lf2>Lr) 

iNTtCiLN     CCMNL 

iNltGl"    H 

cOM»oN/*iL0ti(/,iJ/i,M,,,ii.i(2i,MiiriHtr2»,K|l«s>LOrF.c,>|,B())>j 
•ill 171 ,r*.f»,H^4.( I 10 I 
co»noN/i»LOC«/u(Jji,B.ilri1i,iijt,N.,i|t,r2T,KM|#i,Mi>*(ii,r»T, 
.66(2>,TAU,N|J> .ircOlf.K.rc.'KI'l ,»2T,N| I ,TiLI 111! 
COMMON/'PtLOCK/A*llt),Lr,llt)l2>,H,P(t.l)7> 

.*. THIS COMMON HLOC« IS &[NCK*TtO »r OF* 
CO«IHON/2«LOC«/C*HNI. ,rc,tr i .urx.LD.or .ors ,qn , [«»a ,MI ,f tr ,0f i, 

»OF2,Of),OF1,DF!>,OF*,OFFll.l1orrll.2 
DATA    |»/IH»/|B/|MB/IC/|HC/ 

imtt.i 
M.| 

LOP«loP' 
.*• tMt Ut,tK nAS W npT|Oh or NOT HA»IN6 THC |HAi£ l"Tl«»CT |UN 
... CONSiotKCo Of INURING II v»Lut or fOo 0* tKiATIR »0H INA6E REjtCTION 

ir i« i-.oo.i j.1,1 
1 tr)"-»oo. 

60 TO t»* 
2 irILOp.EO.|«)iO To ) 

60 TO 70 
... ir THt 10(«L OStlLLATON |4 AnOVE THE "CCElvt" ANu Tut T«»hS"l!t|» 1» 

... BELO», CONSIOL* TH«NSH|TTER H«*NON|C$> I«U«H'ION • 1 1 M I hi    IMA41 
1 ir lf2|,LT.r|»l 60 TO 1 

SO TO k 
i rir«rin»2.rir 

r2r«r2»»2«rir 
CALL HAKNIS20I 
60 TO 10 

...  ir  TH,  TR.NSHITltk  IS LCL0« THt  IHAkl  •» HA7,I * 1 T/I  ,B»,1  I  THEN 
••• CONSIDER A M*RHCNIC INTERACTION »ITH THE i«»*t 

s irir2f.»N/2.LT.MX«2.Fin 60 TO * 
60 TO 7 

* oro* rIT-F2R.2«F ir 
orH«2.riT-r2«-2.rir 
60 TO 10 

• •« IS TMt LOaER rNtaiNCT or THE TRANSHITI EN CO-CHANNIL *|TH THE l'(A6t7 
7 IT (r l«.2.MF.BM/2.6T.» | T.OK.f I T.«I.r2«»2.r ir.BM/.l 60 TO • 

60 TO 20 
... IS THt UPPER F»|«CNCr OF THE TRAN4HITTER CO-CHANNlL »|TH THE iHAkE? 

* IF IFIKW'F lF.»H/2.6r.F2T.OI,,F2T.6T.r2N.2.rlr.B»/2l  kU TO * 
60 TO 20 

1   OF" f\\'f2*-i»r\r 
60 TO 10 

70 irILOp.EQ.lai 60 TO 71 
60 TO )0 

... IF THf LOc«t OSCILLATOH IS BfLOB THE NECEKEK ANu THE TRANS*ITT|R |S 

.*• tBOVE, SET THE OFK DUL TO *N |H*6E INTERACTION *|TH 1..E THANSHITTlA 
••• FUNOAMINT»L 18U1L TO -100 »ND RETURN TO CALLIN6 r«OI«l« 
7| irirlT.6T.F2HI ,0 TO 72 

60 TO 7) 
72 CM* •100. 

Figure 111-2.   Continued. 
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Ool*i &!>•          60 TO *»» 
Ool»S &44 c •" l»  IMI  T*A*SM|TTEI< IS StlO. IHE |x*«l u T MAI I•IT/2»•*/2 I THEN 
aoi». k'» C •" CO"SI»L« « HARMONIC  I -itHAC I I US »IIH TH(  l"»kt 
00144 s».            '•>  ir<F2T»*"/2«t.i>rIH>?«FIH iiO ro ;i 
DOI7n »*4          60 TO 7b 
0917 1 40«       '1 DFu» f IT-f2K,i,l It 
00172 4|<         DFHaicFI W2«»2»rir 
0017] •*'•                          00   TO   10 
0017] 4J» c   •'*    IS   THt    L0»[»    F^tWtNCT    Of    Tut    FRAKSHlTTl Ft   Co-CMAtKlL   «ITN    TMl     |1«417 
0CI7<I 444                  74   If (F ln-2'F ir.»«/2.6T.F | I.OFt.rl T.6T.F2»-24FiF»»H/2>    to   TO   7* 
0017* 4S.                         60   TO   20 UU     IU     «u 

• •• is THL UPPER FxtacNcr OF THK TRANSMITTER CO-CHANNII *ITH THE i»nn 
7*    ir If lx-2,f I7-BM/J.4T ,rjT.0K.F2T.(.T.rjK-2«r lr.t.M/^140   TO   7/ 

OCI7t !»• 
00177 *7» 
00201 4»4 60   TO   20 
03202 »•• 7?   DM   flH-Z*f IF-F2T 
0020] 70* 60   TO    |0 
00201 7|4 ]Q IF IFlT.6T.F24) (.0 TO )| 
00204 72* IFIF2T.LT.F 1*1 tO TO 12 
00210 7)« RETURN 0 
00211 74« ]| LOM|» 
00212 7S4 60 TO s 
0321] 74» *2 10P-U 
00214 774 to TO 7] 
00215 714 40 IFIDFH.6T.0I 60 To "I 
00217 74. to TO 44 
00220 »0« 4| |FlDFu.LT.J0j«u»Ml 60 TO 42 
00222 *l* 60 TO 4) 
0022) i24 42 DFiOFo 
00274 *J4 60 TO |0 
00225 •*• ,1 DF.DFM 
00226 »S» H"2 
00227 •*• tO TO |0 
002)0 *7> 41 |F|L0p.E«.lA)60 To 4S 
002)2 ••• tO TO 44 
002)] »»4 4& TIP"   tl**l»f\f 
002)1 tO» F2P« F2»»24FIF 
002)S »!• tO To 47 
002)4 t24 *A p|pa Fl4-2*F|F 
002)7 *J4 F2P» f2*-24FIF 
00240 »44 47 CALL M*"",

<»20» 
00241 4i4 10 0F|»F|T»F"2P 
00242 »44 0r2"F|P»F2T 
0024) T7» CALL |«ANp 
00244 »•• IFILF2-LFII ||,|2,|2 
00217 **• II UF)»tfl-K| 
002&0 100* tO TO I) 
00251 |0|4 12 LF)«LF2-K| 
00252 1024 I) IFIH.LT.JI 60 TO 44* 
002*4 |0)> L»)»Lp)-KM|H.|) 
O024& 104. 60 TO 14* 
002SS 105.   c •*• CO-CH»NNEL PATH 
002*4 1044 20 CCHNL.I 
O02S7 107* LF)»-Kl 
00240 108* CALL PORE* 
00241 109. LFJ«L«l»Pr 

0C242 1104 IF lM.cT.2lG0 TO f94 
00244 111* LF J«L, )-Kti(M.| I 
00245 |I2> • »» RETUK* 
00244 |l)4 ENO 

Figure 111-2.   Continued. 
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00101 

00X01 
00101 
ooioi 
00103 
ooiot 
00105 
00106 
00107 
001U7 
OOHO 
OOHO 
OOlU 
00111 
00112 
00112 
00113 
001U 
00H7 
00120 
00121 
0012* 
00127 
001J2 
0013* 
00135 
001HO 
001*1 
oom 
001*3 
001»5 
001S0 
00153 
001S3 

OOlbb 
00 lib 
001S7 
0Q1S7 
001O0 
001&2 
00163 
OOim 
00160 
OOlbo 
00165 
001o7 
ooi ro 
00171 
001 M 
00171 
00172 
00l7i» 

00175 

1« 
«!• 
J« 
<*• 
b» 
t>« 

?• 
6' 
9» 

10» 
11« 
12* 
13» 
1** 
1S» 
16» 
17^ 

18* 
19» 
20» 
21» 
22» 
23» 
2»» 
2S» 
26» 
27» 
28» 
29* 
30» 
31* 
32* 
33* 
3H» 

35* 
3b» 
37» 
38» 
39* 
HO' 
*1» 
l»2» 

*3» 
»H» 
*b» 
"»b* 
*7» 
««• 
H9* 
50* 

51* 
52 • 
53» 

SUUR0UT1NE HARM!*) 

t »«• NOTE RETURN 1 GOES TO THE COCHANNEL PATH OF THE CALLING ROUTINE 

DIMENSION HAR(IU)>IB'IU) 
REAL M1«M»KS»M2.N1 i'H>N2'LF,LFl.LF2>LF3 
INTEGER CCMNL 
1NTE6ER H 
CUMM0N/RBLOCK/A<32)»HFiBR'Bf2l»Ml»FlR»F2M'M'KS»LOP»C»FI»DI3'»N2# 

•tU7) rFA.Fd.RBLUHOI 
COMMON/TBUOCK/UC33).niT,F II) .IT36(Nl>FIT.F2T.KMI8)»N2.»13 I.PRT, 

•b&(2).TAU.H13)> IPCOMr,FC.FU«RR<*>»B2T.N11»TBL«1»1» 
COMM0N/PBL0CK/AAU9I ' LF • BB I 2) . H> pBL < 37 I 

c ••• THIS COMMON BLOCK IS GINERATED BY OFR 
C0MM0N/'ZBL0CK/CCHNL'>JC«LFl>LF2'LF3»uF>OF «>»»*• IMA6E»F1P.F2P>DF1' 

•UF2.DF3<0F»»DF5»DF6»UFFIL1»DFFIL2 
DIMENSION  OFN(10)«DEL1(10>>OEL2<10) 
1F<N11-1>   10»10.11 

1U   UF-AMlNllAbS(DH)»A8ilDF2) I 
RETURN 

11   IfIFC-O.I    8(8.h 
6 UO   7   1=2'N11 

IFt<I-1>»F2T-QFFIL2»   6«8'7 
7 CONTINUE 

60  TO  10 
8 DO  9   I=1»10 

DFN1I>=1»F2T-F1P 
UEL1CII=I»FIT-F2P 
0EL2(I)=F1P-I*F2T 

9 CONTINUE 
UO 13 1-2.NU 
IF(OFNII)-0.) 13.1«>1» 

13 CONTINUE 
t ••• THE MAXIMUM NUMBER Or- HARMONICS TO CONSIDtK HAS BEEN REACHED 

UF=ABSIUEL2«NU)> 
H=N11 
eo TO 20 

L   •••   (HE   FOLLOklNG   IS   A   CUARSE   CO-CHAN|NEL   TEST 
1»   IF IDEl-lU) .GT.U. ISO    10   15 

H=l 
CCHNL=1 
60 TO 999 

L ••• THIS IS A MORE REFINtD TEST TO StE IF THE LOWER END OF THC TRANSMITTER 
(. »•• HARMONIC IS COCHANNEL *ITH THE KrCtlVER (OR IMA6E» 

IS lF<FlP-HM/2.6T.I»FlT.0R.I«FlT.6!.F*P*BM/2> 60 TO 16 
H=I 

CCNNL=1 
SO TO 999 

L •*• THIS IS A MORE REFINtD TEST TO SfE IF THE UPPER END OF THE TRANSMITTER 
L ••• HARMONIC lb COCHANNEL «ITH THE R£CtIVER (OH IMA6E' 

lb lFtFlP-BM/2.6T.I»F2T^0H.I»F2T.6l.Fi;P*BM/2< 60 TO 17 
H=I 
CCHNL=1 
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00176 
00176 
00176 
00177 
00201 
00*1)2 
00203 
00205 
00205 
002U6 
00210 
00211 
00212 
00213 
0021<» 
00215 
00215 
00215 
00215 
00215 
00215 
00217 
00222 
002?* 
00225 
002 JO 
00232 
00233 
0023H 
00237 
002*0 
002*»1 
002'J 
002*« 
002H5 
002t5 
002"»5 
002*0 
00252 
00253 
00255 
00257 
002S7 
002bl 
00263 
002°<t 
00265 
0021.6 
00267 
002'0 
0U2'1 
002'3 
00275 
00276 
002 77 

5»* 
55* 
56* 
57* 
58* 
59* 
60 • 
61* 
62* 
63* 
6t« 
65* 
bb« 
67* 
68* 
69* 
70* 
71* 
72* 
73* 
7»* 
75* 
76* 
77* 
78* 
79* 
80* 
81* 
82* 
83* 
81* 
85* 
86* 
87* 
SB* 
89* 
90* 
91* 
92* 
93* 
9** 
95* 
96* 
97* 
98* 
99* 
100* 
101* 
102* 
103* 
10H* 
105* 
106* 
107* 
106* 

t •*• 
t •«• 

17 

L ••• 
18 

19 

20 
21 

22 

12 
J2 

c  ••• 
t **• 

23 

C ••• 

30U 

N TO 999 
ONIL A HAMMONIC IS PICKED' IHIS TE5T DETERMINES WHETHER THE NEXT L0BE5T 
HARMONIC 15 CLOSEH To THE RECEIVER <OK IMA8E) 
1F<DELHI).6T.AB5<DE121I-1)I)60   TO   IB 
W-"=DEL1UI 
M=I 
IFlH.E9.ll   60   TO   999 
60   TO   20 
IF THE NEXT LO*ER HARMONIC IS CLOSER" IS IT ALSO CO-CHANNEL? 
IF'F1P-BN/2.6T.<1-1>*F2T> SO TO 19 
H=l-1 
CCHNL=1 
bO TO 999 
0F=0EL2H-1» 
M=I-1 
IMn.LU.l) 60 TO 999 
AN HAKMUNIC H HAS BECN PICKED. 'HE FOLLOWIN6 C0U1N8 IS DESIGNED TO 
REMOVE THE ASSUMPTION THAT ALL H«RP*ONIC LEVELS ARE E8UAL BT COWARIN6 
THt FKEOUENCT REJECTION CAUSED BY H-li Hi AND H*l. ANT HARMONIC THAT 
IS FOUND TO BE OUT Of   BAND IS ELIMINATED • RON FURTHER CONSIDENAHONt 
REGARDLESS OF ITS LEVEL. 
UO 21 J=2»N11 
HAK(J)=KHIJ-1) 
HAR(1)=U. 
UO 22 K=1.10 
IBIK)=0 
SL0PE=AMINKN1>M1) 
IL1M=N11*1 
UO 12 I=IL1M»1U 
OEL1(I>=10000. 
OEL2II1=10000. 
HAR(I>=1000. 
J=H-1 
K=H*1 
UO 23 I=J»K 
THE F0LL0W1N6 TEST DETERMINES »HrTnER A HARMONIC IS IN-BANO. IF HARMONIr 
N IS IN-BANO. THEN I0(N) IS SET EQUAL TO I. OTHERWISE IT IS 0. 
iFlI*F2T.LT.FA.OR.I*t-U.6T.FB> 60 '° 23 
1BU>=1 
CONTINUE 
1F«IB«H-1I.E0.U> 60 >0 2b 
IFUBlMl .EU.O) 60 TO 29 
IF THE F0LL0WIN6 TEST IS FALSE* THtN ALL THREE HARMONICS ARE IN-BANO 
1F<IB«H*1).E8.0> 60 10 30 
Ul=AMINltABS(DELl(H-l))>ABS(DEL2(H-l>l> 
D2=AMIN1(ABS(DEL1(H)I>ABS(0EL2(H)>' 
U3=AMINllABS(DELl(H*i)»»A8S<D£L2(H*l)»» 
CALl=-HAR(H-l)-10*SLUPE»AL0610»Ui) 
CAL2=-HAR(H)-lU«SLOPt*AL0610(D2> 
CAL3=-HAR f H*l)-10*SLUPb*AL0610 * D3» 
IFICAL1.LT.CAL2) 60 10 2« 
1FICAL1.LT.CAL3) 60 10 25 
H=H-1 
OF=01 
60 TO 999 

Figure 111-2.    Continued. 
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00300 109* 2* 
00302 110* 
0OJU3 111* 
0030* 112* 2* 
00305 113* 
003«6 11** 
00307 115* 2* 
003H 116* 
00311 117* (, ••• 
00313 116* 
0031* 119* 
00315 120* 
00316 121* 
0031? 122* 
00317 123* t »•• 
00320 12** 27 
00320 12b* t ••• 
00322 126* 
00329 127* 
00323 128* (. ••• 
0032* 129* 26 
00325 130* 
00327 131* 
00330 132* 
00330 133* t ••• 
00331 134* 29 
00331 135* c ••• 
00333 136* 
0033i| 137* 
00335 138* 
00335 139* t ••• 
00336 1*0* 30 
00337 1*1* 
003*0 1*2* 
003*1 1*3* 
003*2 1*** 200 
003*3 1*5* 
003** 1*6* 
003*6 1*7* 
003*7 1*8* 
003*0 1*9* 
003*1 150* 31 
003*2 151* 
003*3 152* 999 
003*6 153* 998 
00361 15** 
00364 155* 997 
00366 156* 996 
00370 157* 
00371 158* 
00372 159* 
003/3 160* 100U 
00375 161* 
003?6 162* 

UICAL2.LT.CAL3)    00   '0   25 
0F=D2 
60   TO  999 
H=M*1 
UF=D3 
80  TO  999 
IMItMhrMl.tQ.OI   SO   <0   27 
lHlB(Hl.tO.O)   60  TO 28 
BOTH   H   AND   M»l   ARE   IN-UANO 
U=H 
12=H*1 
Ul=AMINl(ABSI0tLl(H>"ABS<0CL2<H)l> 
U2=AMINllABblDtLl(M»l)I.ABS(DtLZ(H*l))t 
60  TO  200 
ONLY   H   IS   1N-BAND 
IFiIHlHl.Nt.O)   GO  TO  999 
ALL   THREE  HARMONICS  »Ht   OUT  OF  B».MU. 
SL0PE=AH1NKN2>M2> 
60  TO  300 
ONLY   H»l   IS   IN  BANO 
H=H*1 
If-<H.ST.Nil)    H-H-l 
UF=AMINl(ABS(DELl(H»>•ABSIDEL2'H)>' 
60  TO  999 
AN ERKOK HAS OCCURRED IF IT IS FOUND THAT ONLT H-l ANU H*l AM. 1N-BANU. 
IF1IB»H*1).E8.1) RETURN 0 
ONLY   H-l   IS   IN-BANO 
H=H-1 
DF=AMINl(ABS<DtLl(H-l)'tABS(DEL2|H-l>)> 
tO   TO   999 
BOTH   H-l   ANU   H   ARE   IN-BANO 
U=H 
I2=H-1 
Ul=ANlNl(AbStUtLl(H)>>ABS(0EL2«H)W 
UZ=AMlNl(ABS(0tLl(H-l)'>ABS(DEL2(H-l)M 
CAL1=-HAR(111-10*SLOfE»AL0610tOil 
CAL2=-HAR112)-10*SLOfE*ALO«10CD2) 
IF(CAL1.LT.CAL2)    60   '0   31 
H=ll 
UF=D1 
60  TO  999 
H=I2 
UF=D2 
If IFC-O.I   lOUO'lOOO'^e 
UO  997   1=H>1»-1 
1FU1-D»FZT-DFFIL2)   996.996.997 
CONTINUE 
IF (I.EU.H.AND.CCHHL-t-a.l)    RETURN! 
H=l 
OF-AMlNl(ABblUt-LltH) ' .ABSIUEL2'") " 
RETURN 
IF(CCHNL.te.l) RETUR"! 
RETURN 
ENU 

Figure 111-2.   Continued. 
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00I0» S« 

00 107 ». 
00107 7. 

03! 10 8. 

08 1 1II 1. 

00 II 1 10. 
001 1 1 1 !• 

03112 12. 
Ocl 12 1). 
001 1} IN. 

001 1* li.. 
00 Wo 14. 

00121 1 7. 
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00174 It* 

00177 SO. 

INTE6LH    [ATH»C 
C0nH0N/N*LOCK/<l)2|lFI'iHlla«(2)fMl>^|hir2R,Ki,K$,l.0P>Ciri,OI3),H2> 

• Ct 17) ,F>ill,«»LII 101 
C0«Hi)N/I»tOC«/.(33l ,B|t,M|l,lT3»,NI,MT,r2T,». N | « I , hi , 4 < 3 I ,P« T , 

• G6|tl ,TAU,N(JI ,|P<.OM».rC,ro,««(1| ,B2T ,N| 1 .TBLIHl » 
CO"«ON/PBLOCK/A«( |tl,t» .»»l2l,H,t»LU7l 

• *•  THIS (OMHON IILUCK   IS  (,i«tx«iro IT  OFN 
CONHUN /ZnLOc*/CC><NL,PC,LF| |LF2,LF 3,07 •OFS,BM,INA<.E,F|P,r^p,OF ! , 

•DF2 ,0f 3 | OP I.DFS.Of 4 ,OFM LI .0' F IL2 |P I 
DATA |P/IHP/|PI/IHC/ 
DATA f|/J.H|4'<'/ 
IPuLS£.E»TP.AC< 1734,1 I 
J»uLSt.t«TRAc I 1 T3» .2 I 
PC»O. 
IF IIPcONP.NE.IPl» (,0 TO 10 

••• Tut tgUIPntWT IS fULil COHP*tSSION 

IFICChNL«N[.|l kO TO to 
IFltK.S««T»U/4| l-l . I 30.ttt.ttt 

)0 PC'IU.ALOLIOIBK.BN.TAU/BITI 
SO TO ttt 

tO IF IHT/2.LT. |/lFI«r«T I I 60 TO tl 
Dpl"li>"4L06IOlBlT«TAu.tp«T/TAUI»«Pl"l2/(PI«B| T'PK T » I • . N2 I 
«0 TO .2 

t| pPL«lo*ALOtlO(t>lT*TAU«(2/<Pl«tlTl1AU) l**PI I 
t2 IfIBP.TAU-I.) 13.13,11 
') PC* IO.AL06IO<BN*TAU> « UPC 

60 TO ttt 
tl PC-  lo«»LU*IO IB1.TAU/2 |  . DPC 

60 TO ttt 
10 |F( iPuLSC.Nt, If. ANO« JPULSt.Mt. |P| (.0 to to 

•*• THt IQUIPXLNT l» PULSIO 
IFICCHNL'NE.I I 10 TO 10 
IFIBP.TAU-l.| So.ttt.ltt 

*0 PC«20tAL06|0(B»«TAUl 
40 TO ttt 

20 IFCBR.TAU-l,| 60,40.70 , 

40 PC«IOiAL06IOIBNiTAu> 
60 TO ttt 

70 PC.I0tAL06l0IBH*TAU/2l 
60 TO Itt 

• ** THL EUUIPHCNT IS NEITH|H PULSED NOP. PULSC COMpBlsHON 

10 IF (CCHNL.XE.I I 60 TO ttt 
IFIBH.BITI io,ttt,ttt 

BO ri-lU.ALOilOlKH/B17 I 
ttt RETURN 

[MO 

Figure 111-2.   Continued. 
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APPENDIX IV 

AVPAKPROGRAM 

The flow diagrams and FORTRAN V program listing for the overall AVPAK interference 
prediction program are contained in this Appendix. The flow diagram is shown in Figure IV-1, 
and the program listing is shown in Figure IV-2. 
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o 

f START        j 

(l 
I 

READ 
ANSMITTER 

DATA 

CHECK 

TRANSMITTER 
DATA 

c READ 
RECEIVER 

DATA 

CHECK 

RECEIVER 
DATA 

PICK 

TRANSMITTER 

PRINT 

ERRONEOUS 
AND   GOOD 

DATA    LISTS 

PRINT 

ERRONEOUS 

AND GOOD 

DATA   LISTS 

G> 

FILL FREQUENCY 
REJECTION AND 
COUPLING LOSS 
COMMON    BLOCKS 

PICK 

RECEIVER 

FILL FREQUENCY 
REJECTION AND 
COUPLING LOSS 
COMMON  BLOCKS 

Figure IV-1. AVPAK Flow Diagram. 
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£ 
CALL   "OFR" • 
FOR     LF 

* 

CALL    "CLOSS" 

FOR   Lp 

* 

PI=S/I+PT-LF+WS 

Appendix IV 

pi   < Rs ? 
iw      YES 

STORE    THIS   PAIR 

OF    EQUIPMENTS 

IN    CULL   LISTS 

J NO 

PRINT     THIS 

PAIR    IN 

INTERFERENCE 

LIST 

Figure IV-1. Continued. 
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•0171 2o* 
••l?2 27* 
••17S 26* 25 
M2«« 29* 3b 
M203 30* 50 
••*«* 31* 55 
Mill 32* bO 
002U 33* o5 
••216 3** 
00220 35* 
00223 3t>* 08 

00226 37* 70 
••231 36* 73 
0023« 39* oO 
00237 »©» 85 
002*1 *1« a 1 
002*2 *2» 
002** *3* 
••2*6 **• 
••250 *5* 
002S2 *o* 
00255 *7* 105 
00260 *•• 107 
M263 «9» 110 
•026s 5U* 
••270 SI* 115 
M271 52* 
••271 53* c 
••271 5** c»* 
•0271 55* c 
• 02 7* ft* 200 
00300 1200 
00301 58* 
0030« 59* 1205 
00305 60* 
00306 61* 210 
00312 62* 
00315 63* 1210 
00316 6** 
00317 65* 220 
00323 66* 
00326 67. 1220 
00327 6b* 
00330 69* 230 
0033* 70* 
00336 71* 1230 
00337 7t» 
003*0 73* 2*0 
003** ?*• 
003*7 7-j. 12H0 

00350 7o» 
OUJbl 77. 2-JO 

00355 7b* 
OOioo 7,. 12t>'i 
UUJOl 6u« 

NMARM=ITXU»2l) 
lF(TX(K.3))21u.?10>25 
IHTXl«i»l >22u>220>35 
lF(tx(K>*)-TX(Kt3))230.50»50 
IK HlK.5) >2*0>2*0>55 
IKTX(K.fe) >25lj.250-60 
IFlTX(K.b)-TX(K.5>>260.65.65 
IF<TX<K«7) .LT.20.IG0   TO   270 
IF ITXlK.fl).LT.20.)G0   TO   280 
IF(NXARM-1)200.73.68 
00   70   J-2.NH*,. • 
U ITAIK.J«20>.LT.O. )G0 TO 290 
IF<TX(K.lb>>300.87.80 
IF(TX(K.lu>>3lo.310.85 
IF(TX(K.lo).LT.TXIK.15))GO TO 320 
PTEST=EXTHAC<iTX(K.ll).ll 
IFIPTEST.NE.IIMGO   TO   115 
IFlnX(K.ll) .H..IHLXNKIGO   TO   110 
IF(1TX<K.12> .tO.lBLANK>G0 TO 107 
IF ( 1TXIK. 12> .|,f . ICIGO TO 3*0 
IF(TX<K»13»-Tx(K.li*))360'360'105 
IFITXtK.l*)>3o0>360.107 
IF< Tx(K. 13) >3bi:.350»HO 
IFUTX<K«1?>.NF .IOGO  To   115 
IF<TX<K.5>*TX<K.131-1. > J65. 365. 115 
FKE8=<TX<K.3)«TX(K.*> >/2. 
IFIFREQ-30.>37n.390.390 

TRANSMITTER DAT* HOT GOOD.  *RITE f RROR "E^SAGES AND SKIP THIS FOUlPWFMT. 

•RITE16.12U0)1TX(K>1)«ITX(K.2) 
FORMAT<•OTfANvITTER '•2A6.> HAS BEEN SKIPPEO.*) 
KRITEI6.1205)1.MARV 
FORMATU0X3OHILLEGAL NUMBER OF HARWI1CS = .11) 
GO TO *00 
hrilTE(6.12l)0) iTX<K«l).ITX(K.2) 
»RITE<6.1210>1X<K.M 
FOSMATUOXJlHlx PRI FREQUENCE IS Hi ERROR:  .FP..0) 
GO TO *00 
»KITE»6>1200)I TX(K>1>'ITXlK.2) 
*RITE<6<1220>1x(K.*> 
FoRMATtl0*JlHr» SEC FREQUENCY IS I' ERPOP!  .F«.0) 
GO TO *00 
HKITL(6'1200)ITX(<>1)>ITX(K.2) 
«RITE<6.1230) 
FORMAT! 10X«3hlA   SEC   FREOUENCT   UFSS   THAU   TX   PRI   FREQUENCY) 
GO   TO   *00 
KhITt<6.l2iiO);rx(K.l).ITX(K,2) 
*RITl 16.12-0)1. if.,',) 
F0«K«T(10x29M) ,    f',-1   HA'n«IrTH   INCOFRECT:       .F8.0I 
GO    10   *»U 
»R1 IL<»>. 12"0) I i X(K . 1 I f IT'<t> .2 I 
«,<ITLl6>12' 01 I . (K ,-,) 
FlJ.'MAT ( IUX29HI,    'jtC   HA'FIOIfiTH   I',CORRECT:       .Fa.n) 
Ou   10   UuO 

Figure IV-2.   Continued. 
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00362 SI* 
Oiiibb 8** 
00J7O 63* 
00JT1 8** 
00372 85* 
0(376 So* 
OOlOQ 87. 
00*01 88* 
00*02 89* 
00*06 90* 
OOtlo 91* 
oo*u 92* 
00*12 93* 
00* 16 9** 
00*22 95* 
00*22 9o* 
00*23 97« 
00*2* 98* 
00*30 99* 
00*33 100* 
00*3* 101* 
00*35 102* 
00**1 103* 
00**« 10** 
00**5 105* 
00**6 106* 
00*52 107* 
00*5* 106* 
00*55 109* 
00*56 11U* 
00*62 111* 
00*6* 112* 
00*65 113* 
00*66 11** 
00*72 115* 
00*7* lib* 
00*75 117. 
00*76 110* 
00502 119* 
0050* 12U* 
00505 121* 
00506 122* 
00512 U3» 
0051* 12** 
0051* 125* 
00515 126* 
00516 127* 
00522 12o» 
0u:>2* 129* 
OO-j^S I3u* 
U0526 131* 
00527 132» 
0U331 133* 
0053J 13t» 
OOtji* 13'J* 

2oU   tttilTt <e> 1200111X <K> l) • ITX(tii?l 
*KlTE<6»12t.0> 

12o0   FONMATU0X36H1 «   SEC   bA'IDWIHTH   LESS   THAN   TX   PRI   BW) 
GO   TO   *00 

2 70   •KlTt(6>1200>lTX(ktl)>ITX(K>2) 
*HITL<6>1270) 

1270 F0KMATI10X29H1X PRI SPEC FALLOFF TOO S"ALL) 
GO To *00 

280 Mi4ITL<6>1200)lTX(K>l)>ITX(K>2) 
»nITt<b'l?B0> 

12tj0 FOKMAT(10X29H1« SEC SPEC FALLOrF TOO S^ALL) 
GO TO *00 

2"90 WrclTLIh'1200) I rX(K. 1) - ITX(Kt2) 
•HlTt<b«1290)„.TX(K.J*2n) 

1290 FO«MATU0X15HMARMOMIC LFVEL »Ilt29H MUST nr GRFATE.P THAN ZFRO:  , 
F5.0) 

GO TO *00 
300 WrclTt<b>12P0> ITXlKt 1) >ITX(K.2) 

WRITE<6»130»>TX<K.15) 
1300 Fo«MAT(10X31HMLTER LOWER LIMIT INCORHFCT:  .FB.O) 

Go To *00 
310 knITt<t>'12(<0)ITX<K>l)>ITX(K.2) 

WHITE<6»1310>TX<K.16) 
1310 FORMATdoxaiHf ILTER UPPER LIMIT INCORHFCT:    .FP.OI 

GO TO too 
320   WRITE(6*1200)ITXIK.1)>TTX(K.2) 

Wi(ITL<6'li20> 
13*0   FOhMAT(10x3*Hf ILTE>5   UPPER   LIMIT   Lt SS   THAU   lOWFR) 

GO   TO   tOO 
3*0   »HITEI6>1200)ITX(K«1)'ITXIK.2) 

»«ITL<6»13*0) 
13t0   FurlMAT(10A37nt wLSE   COMPRESSION   INDICATOR    IlfOKRECT) 

Go   TO   tOO 
3o0   WK1TE<6<12U0>!TX(Kil)>ITX(K.2) 

»KlTt<b>1350) 
135U   Fo^rtAT(10X37H|-ljLSE   WIDTH   MUST   HE   G»EATFR   THAU   7E"0) 

Gu   Tu   tOO 
3i,U    »nl(L(o>l£lO)lrX(Kil)'ITX(l<>2) 

»hITt'b'lJ».0) 
13o0   Fo.(MAT(10Xt6Hp'ILSE   RISF    Tl'-T   MUST   PF.   GT   0   AMn   LT   PMLSFWlpTH) 

GO   TO   tOO 
3i>5   wnITL(4>l*00)I7X(K>l)>ITX(K.2) 

• nlTt'b'l Jf-5) 
13o5   F0HMAT(1UA73H   (PI     'ANDAIDTH   «   PtILSFWIDTH   M'IST   l)E   OT   1   FOR   PULSr   CO 

• MPHLSSION   EOUl.'MFtlTS) 
Gu   TO   tOO 

3 7'l   WKlTL<6t 1,00) llllr . 1 ) . ITXlK .?> 
»KlTE<fj>li70) 

1370   FuhMAT(10XJlH| .AMS'MTTt P   FPEOur-lCITS   TOO   f~V) 
Gj   TO   *00 

IF (K.uT«5li)00   [0   4in 
t ,<>   Co JIIHUL 

• ;«-! 
I> (i. .t.„.C)',0    I       »1 

Figure IV-2.   Contmued. 
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OObib   1 36* 
00b*0   1 37. 1403 
005*0   1 36* 
oos»o     i 39* 
••540   1 40* 
»OS40   1 *1» 
•HM   i 42* 
OOSM     i 43* 
•«M   1 44* 
oow*  i 45* 1405 
00564   1 06* 
005*5   1 147* 405 
00567   1 •8* 
OUb/l   1 49* 1415 
00571     i SO* 
00572   ] 51* 
00575   1 S2* 
00576   1 53* 
00600   ' 54* 
00601 155* 
00611 156* 1420 
00612 157* 420 
006l« 158* 
00615   ! L59* 410 
00617 L60* 1410 
00620 L61* 
00621 162* buO 
00621 163* C 
00621   1 64* c** 
00621   1 L65* c 
00622 166* 
00624 167* 
00b26 168* 
00631 169* 
006*6 170* lb'jO 
00b<*6 171* 
00o47 172* 
00b52 173* bu5 
006 5* 174* 
00657 175* 510 
00661 L7b» 
00o63 177* 
OO066 17a* bib 
00671 179* 516 
00673 160* 
00&7S 181* 
00677 162* 
007U1 163* 
00/03 184* 
00 706 L8b» 520 
00710 l8o* 
0U71J 187. bib 
00715 ott* 

00/20 189« bJO 
00722 l9o» 

WklTEI6«14031 
FOKMATdHl.bOx'TRANSMITTERS WITH GOOO OATA • / • f)TRA:)SMI TTER  LOW FRF 
8  |}1 FREu  B»l   HW2     5F1   SF2    PT    GT MT PCI P«  pRT  LO 
>« FILT • HI FlLT  Z-DIST  HFIGMT  ANGLE R H'/|4X6«1H.)I•(MHZ)•• 

btlH.I. •  ...(KHZ) (DB/OFC) (PB>...      ..(US).. 
....(MHZ)       UN)     (FT)   (DCG)'/) 

DO 405 1 = 1.K 
WRITEl6»l405)lTXI1.1)•ITX(1,2). ( TX ( I • J) • J=*. 1 (I > • ITX( I • 1 11 > ITX ( I • 1? 
.)»  (TXd.J) .jrl3,19) .ITX( 1.201'ITX(I,?11, 
FORMAT (1X2A6>2F<>.0>2F7.0>  4F6.0'  »3,1XA1.  r5.1.1 XF4.2.2F9.0iffi. 

•1.F7.2.3XF5.0.2(1X11)) 
CuNTIHUE 
•RITE(6>1415) 
FORMAT (•/'.25X' TRANSMITTER  HARMONICS • /?1 X1H2,1 OX 1111.1 ny ln4.10X 1Mb, 

10XlHto.lOxlH7.10X1)18'10X1H9//1 
Do   420   I=1#K • 
NHARM=ITX(I.21> 
IF1NHARM.LE.D30   TO   420 
NHARM=NHARM*20 
MR ITE<6.1420)1 TXd.ll'ITX (1.2) . (TXU.J) . J=??.t.HAP<4> 
F0MMATI1H .2Ao.8FU.01 
CONTINUE 
GO TO 500 
«RITE(6>1410) 
FORMAT(34H0NUMHER OF TRANSMITTERS IS ILLEGAL) 
GO TO 990 
L=l 

HtAU AND CHECK RECEIVER DATA 

U (NR.LT.DGO TO 910 
•RITL(6»1005) 
Ou 710 1=1.NR 
READ(5.1500)ID 1>ID2'Cx(L.J)»J=3>1?)"LOP.(RX«L<J).J=14.20> 
FORMAT(2A6.2(1XF8.0)>1Xf6.0.3(1XF4.0>.?(1XF3.0).2(1XFP.0).1XA1/ 

F6.0>lxFb.0.1XF4.0.1XF1.0.lXFb.0>2(lXFu.o)) 
IKMX(L«3) 1600.600. 50b 
IMRX(L>3) .GT.99999. IGO TO 60o 
IF(Rx(L'4)lblu.610.510 
•F<RX(L«4).GT.99999.)G0   TO   610 
IF(«X(L.4I.LT.IXIL.3))G0   TO   620 
UiHX(L'b)1630.630.515 
IF(RX(L>6)1640.640.516 
IF(RX(L'6I.GT.99999.)Gr   TO   640 
IF(RX<L'7).LT.20)1,0   TO   650 
IF(RX(L'6).LT.20)G0   TO   660 
Ir~(RX<L>9) .LT.nlGO   TO   .'70 
IF(RX<L>10).LI.0)id   TO   hflO 
IKRX(L'll) )6cT.bH5.b2n 
IF(HX(L'll) .GT.999»9. ).%0   TO   6SC 

IF(RX<L»l«H6y.««.9,J'52K 

IKRxlL'12) .(.1 .99999. )r-0   T'-   U90 
lF<hX<L'l2)-)'A<L.ll ) )6"5.b5').b".n 
IF (L0P.E0.1A)(...   Tj   540 
IF (LUH.F(i. It))o J   T')   540 

Figure IV-2.   Continued. 
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••72* 191* 
• 0726 192* 5*0 
0*727 193* 
00 7*1 19** 
••731 195* 
••7>l 19b* C 
••731 197* c*» 
••731 196* c 
••732 199* 600 
•073& 200* 1600 
• 0737 201* 
•07*1 202* 1O05 
• 07*2 203* 
• 07*3 20** 610 
•07*7 205* 
•0751 206* 1610 
00752 207* 
• 0753 20tt* 620 
••757 209* 
•0761 210* 1620 
00762 211* 
0076} 212* 630 
00767 213* 
00771 21** 1630 
M772 215* 
••773 21b* 6*0 
00777 217* 
01001 216* 16*0 
01002 219* 
01003 220* 650 
01007 221* 
Oldll 222* 1650 
01012 223* 
01013 22** 660 
01017 225* 
01U21 226* 1660. 
01022 227* 
01023 226* 670 
01027 229* 
01031 230* 1670 
01U32 231* 
01033 232* boO 

01037 233* 
• 10*1 23** 1660 
• 10*2 235* 
• 10*3 236* 665 
010*7 237* 
01051 238* lbeb 
01052 239* 
01053 2*0* 6*0 
01057 2*1* 
01061 2*2* lovo 
01ub2 2*3* 
01063 2**« «3'r(5 

01067 2*5» 

lF<LOP.NE.IC)oo TO e97 
RX<L'1»=R1D1 
Rx(Lj.2>=RI02 
RX(L»13»=RL0P 
60 TO 700 

RECEIVER DATA NOT 6000.  WRITE ERROR MESSAr,FS ANr SKIP THIS EOuIPwFNT. 

WKITE(6»1600>lDl«ID2 
FORMATCOKECEiVER •>2A6,> HAS RFEN SKIPPED.*) 
WRITE<6'lbn5> 
FORMAT(iox*6H«x PHI FREO MUST RE BETWEEN ZFPO AND 99999 MH7) 
60 TO 710 
• HITE<6>lb00>I,'l'ID2 
»RITE<6»1611>> 
FORMAT(10X*6HRX   SEC  FRFO  MUST  PF  BFTWEFN  ZFRO   AND  999»o  MH7) 
60 TO 710 
WRITE(6.1bOO) 1,)1.ID2 
»RITE<6>1620) 
FORMAT(10X33HRX SEC FREQ LESS THAN RX PRI FRFO) 
60 TO 710 
*RITE(6'l600)IPl.I02 
WKITE<6>1630) 
F0RMAT(10X36HfcX BANOWIOTH MUST RE 6REATFR THAN ZEHO) 
60 TO 710 
WRITE<b»16001Iol»ID2 
WRITE<6>16*0) 
FOriMAT(10X50HluTERMEDIATE   FREO   MUST   RL   GT   7FR0   AIID   LE   »9999   MH?) 
60   TO   710 
*RITE<6.1600)lr.l>ID2 
WRITEI6>lbbO) 
FORMATU0X33HKX PRI SPEC FALLOFF MUST PE Gr ?0I 
60 TO 710 
WKITEl6>1600)ljl»ID2 
WRITE<6.16bO> 
FORMAT(10X33HRX SEC SPEC FALLOFF MUST PE GF 2nl 
60 TO 710 
»RlTE<6>lt>00)l' 1.102 
WRITE<6'1670> 
FURMAT(10X?7H1MAGE LEVEL MUST PE 6F ZERO) 
Go TO 710 
WHITEl6.1600)lnl'102 
»RITE<6.lbAO) 
FORMAT! 10X30Hsr-URIOUS LEVEL MUST HF GE ZERO) 
GO TO 710 
»RITE<6.1600)131.102 
WR1TE<6.1665> 
FORMAT (IOXSIHKX Lu»'ER OPER FREG «Ur>T L)F GT ZFRO Ann LE 99999 Mu7) 
60 TO 710 
WRITL(6'16H0>I.1.102 
wRITt<6»lo90) 
FORMAT(10XblH|,x UPPER OPER FREO MUST liF OT ZFHO A'r> Lt 9999q MHZ ) 
GO TO 710 
*RIlL<6>lbOO)i 1.102 
«HlTMb<lb95) 

Figure IV-2.   Continued. 
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• 10?1 2*6* 1695 
• 1072 2*7* 
• 1073 2*6* 697 
• 1077 2*9* 
• 1101 250* 1697 
• 1102 251* 
• 1103 252* 700 
• HO* 253* 
• lit* 2S«* 710 
• 111* 255* 
• 1111 256* 
81113 257* 
• 1115 254* 1710 
• 1115 259* 
01115 260* 
• 1115 261* 
• 1115 262* 
• 1114 263* 
•1121 26** 
01122 26b* 
• 1123 266* 
• 112* 267* 
01125 266* 71b 
• 1125 269* 
• 1150 270* 171b 
•1150 271* 
OllSo 272* C 
01150 273* C** 
01150 27»* C 
01151 275* 
• 1152 276* 
• 1153 277* 
01161 276* 174U 
01161 279* , 
01161 280* . 
01162 281* 
01163 282* 
01165 283* 179b 
01165 28t* . 
01166 28b* 
01l7o 28b* 
0117J 287* 
01175 286* 1791 
01176 289* 
01177 290* 
01200 291* 
01*01 292* 
01*02 293* 
01*03 29i* • 
0120* 29b« 

01205 29o* 
01206 297* 
01207 29B* 

01210 299* 
01211 30u« 

FORMAT!10x37HhX UPPER OPER FREO LT LOXFR OPFR FREU) 
60 TO 710 
WKlTE<6.1600)ljl.I02 
wrfIT£!6.1b97) 
FORMAT!10X1HHLOCAL OSCILLATOR POSITION MUST BE A. H, Op C> 
60 TO 710 
L=L*1 
lF<L.6T.bO>GO TO 910 
CONTINUE 
L=L-1 
IF<L.LE.0)GO To 910 
WHITE16.1710) 
FORMAT!•/••SOx'RECElVERS WITH GOOD HATA'/'n  RECEIVER 
I FRtQ    BW   IF   SF1    SF2  IM LEV SP LFV  LOW SRL 

• 2-UIST  HT   ANG  R  SENS    GAIN 
KHZ)(MHZ) .<Ob/DEC) (DB).... 

S/I'/13X« 
.IMH7I, 

. (MHZ) , 

LOW FREo  H 
HI SRL LOP 

(irj) 
.FT) (DEG)     <DB» '/) 
DO 71S 1 = 1.L 
M=RXII.17) 
RlDl-RX(I.l) 
RID2=RXU.2> 
RLOP=RX<I>13) 
WRITE 16'171b)1,1.ID2'(RX<I>J>.J=3.1?).LOP.IRX(I.J)•J=1U>16)i 

M.IRX(I.J).J=18'20) 
FORMAT!1X2A6>CF9.O> 3F6.0.5!1XF6.0).2F9.0.1XA1.F7.1.F6.2. 

F6.0.1XI1.3F7.1) 

BEGIN ANALYSIS 

NLULL=0 
N»KITE=3 
WRITE <6'17<«0>(.T.NR.FNB.RR 
FORMATI'1 NUMbER OF TRANSMITTEPS NUMBFP OF KECFIVERS KNIFE FOG 
.E LOCATION!INCHES) KNlFF EDGE HEIGHT(FEET)•/l1XI2.21X12.22XF7.1 

.20XF7.2) 
FNtt=FNB/l2. 
WnlTt16.1795) 
FORMAT! ehHOEDUIPMENTS CAUSING POSSIBLF INTERFERENCE (POwFR I 

•N GREATER THAN RECEIVER SENSITIVITY)) 
• HITL (6-ld09) 
Do 8U0 1=1.K 
WRITL<6>1793) 
FORMAT(1H  ) 
N«RITE=NHRITE»! 
Iul = ITXH.l• 
Ia?=ITX(I.2> 
CALL MOVECHlI^l .1.2. ITr^N.l ) 
TDL!3B)=TXII«J) 

TI)LI39)=TX( Iml 
ThL(3'«)=Tx(I.b)/tuO0. 
Tr;Llofa)=T« ( I.bl/lIjOO. 
TOL!37)=TxiI«7) 
TL)L(HU)=T> < I»t) 
11 rt 1 3D ) = I T t ( I . I 1 ) 
IT-'lb9) = IT/l I. I 2) 

Figure IV-2.   Continued. 
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01*12 301* 
01213 302* 

012U 303* 
01215 30»* 

0121b 30b* 
01217 306* 
01220 30 *• 
01221 300* 
01222 309* 

01223 310* 
0122H 311* 

01225 312* 

01226 313* 
01231 31H* 

01233 31b* 

01236 316* 
01237 317* 

012'«0 318* 
012"»1 319* 
0U«3 320* 
012H1* 321 • 

012'»5 322» 

Ole^b 323* 
012H7 32"»* 
01250 325* 
012bl 326* 
01252 327* 

012^3 32b* 
0125H 329* 

01255 330* 
01*56 331* 
01257 332 • 

012>>0 333* 

012bl 33H» 
012^2 335* 

012b3 336* 
012bi» 337* 

01265 336* 

01266 339* 
012b7 3«0* 

012/0 3H1* 

012'1 3*2 • 
012'2 3*3* 
012/3 3MH* 
012/6 3Hb* 
012/7 3*6* 

013U0 3"»7* 

013U1 3ua* 
013U2 3<»9* 

013U3 350« 

013"<» 351* 
013U5 352* 
01323 353* 
01323 3b"»* 
013*« 355* 

tllL(bb>=TX(1.13> 
IHL152I=IX11»1'»> 
TtlL(60)=TXlI>lb> 
ItiLlbl l-TKl I. lb) 
lTB(b7)=lTX<1.21> 
•HtK=<TaLl3bl*THL(39» 1/2. 
UlbT(ll=TXtl»l/>/12. 
AN1HTU) = TXU.*.S> 
AN(>Lt<l>=lXU.19l 
KANT(1)=ITX(1.20) 
KT=TXtI»9l 
1>T=TX«1<10) 
UO   750   M=2?»29 

75U   IUL(M*1H)=TXI1>») 
UO   SUO   JSltL 
Hl-RXU.l) 
K2-RXU>2) 
LALL   M0V£CM(IHl»l»2»lKtC»l) 
IhIITRAN.tu.IrttObO    10   BOO 
NBL(38>=RX(J>3> 
HUL(39)=RXU><«) 
HBL( SHI =RXU« 51/1000' 
KUL(33I=RX(J'6> 
KHL(37)-RXU>7< 
KBLl«*b)-RX< J.8' 
KBL(H0)=RX<J>9> 
KdLCU)=RX( J.1UI 
HbLlb6l-RX(J»ll) 
HbL(67)=RX<J«12> 
K0L(<t2)=RX(J«13l 
UISTI2>=RXIJiim/l?. 
AMHTl2)=HXl JF 151 
ANbLE.<2>=KXUilb) 
KANT(2)=RXtJil'l 
KS=RXtJ<lBl 
1>H=RX< J>19l 
bI=RXU.20> 
CALL   OFK 
OF«EJ=H»L120> 
MAKM=PBL<23) 
FHtCI=FLOAT<NHAKM)*FRtK 
LALL   CLOSS 
y l=SI*Pr*0FREj*6T*(iH-TC0UP 
1F(HI~H5)760<760»780 

7bU   NCULL=NLULL*1 
LULLIl»NCULL>-tRR 
LALL  PACMLULLI2«NCULL> » I* J*50« N,,»KM> 
LULL13.NCJLL>=0FREJ 
LULL I •• > NCULL ) = TCOUP 
LULL<b»NCULL)=BULK 
W   TO   800 

7bU    uHlTt Itir 1 'HUI I HI. I[)2> IK1. IK?,SI • - >T • OF H t J , b 1 > RK , TCOllK . HI . Rb 
17HU   FOKMATI2(lX.2Ab) .2XHIF5.0.'    «•   •I.Fb.O.'   -   '»F5.U»'   =   '.F5.0. 

6XF5.0) 
(.ALL   MbbtNMARy.) 

Figure IV-2.   Continued. 
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01325 356* 
• 1326 357* 
01127 358 • 
01330 359* 
01331 360* 
01333 361* 
• 133« 362* 
01335 363* 
01337 36* • 
01.5*1 365* 
013*3 366* 
• 13** 367* 800 
013*7 366* 
01151 369* 
01353 370* 1800 
01353 371* 
• 135* 372* 
01356 373* 1809 
01356 37»* 
01357 375* 1810 
01357 376* 
01360 377* 
01361 37«* 
0136* 379* 
01365 3«0* 
01366 301* 
• 1367 3S2* 
•1370 383* 
01371 38** 
• 1372 385* 
• 1373 386* 
• 137* 387* 
• 1376 386* 
01*00 389* 
01*01 390* 005 
01*02 391* 
01*03 392* 
01*0* 393* 
01*05 39** 
01*07 395* 
01*10 396* 
01*11 397* 810 
01*12 398* 
01*13 399* 815 
01*13 *00* 
01*31 *01* 
01*32 *02* 
01*33 *03* 
01*35 *0*« 
01*37 *0b* 
01**1 *06» 
01**2 *07* 
01**3 *08* 
01*** *09* 620 
01**6 *10» 621 

S/I • PT • |F • 
RS REMARKS'//) 

S/I • PT • LF • 
RS REMARKS'//) 

r,T 

fiT 

ToTAL<I'J)=IX 
NnHITt=N«IKITt<l 
ILU-IBLANK 
IU2=IBLAN* 
U (NnKITE.LE.'.s)GO   TO   H00 
IUI-ITXU.1) 
102SlTK<Ir2l 
»RITE<6'1005> 
*KITE<6.17951 
»RITE<6'1809> 
N«RITE=0 
CONTINUE 
IFINCULL.LC .0)c-0 TO 821 
•NITE.(6>1800) 
FORMAT<lM1.12xo2HCULLE0 EQUIPMENTS (POXFR IN IS LESS THAN RECEIVER 

. SENSITIVITY)) 
»KITE<6'1810> 
FORMAT<'OTRANSVITTER RECEIVER 

.•   OH  -   LH  =   PI    > 
FORMATCOTRANSMITTER RECEIVER 

• •   6R  -   LP  =   PI    < 
N«RITE=0 
00 820 M=I#NCULL 
EKK=CULL<1.M> 
CALL UNPACK(CULL(2>M)»I,NHARM> 
J=I/50 
I?l-J*50 
RI01=KX(J>1) 
HlC2=RX<J»2> 
BULK=CuLL(5'M> 
Pl=RX(J.20)+TX(I.9)+CULL(3'M)*TXlI>10)*RX(J.lq)-CULL(*.M) 
1M IT1.NE. ITXI I . 1 ) IGO TO 805 
IF(,JT2.NE.ITX<W> )G0 To 805 
00 TO 810 
NTRANl=ITXd'l) 
NTKAN2=ITX(I'£> 
IT1=NTRAN1 
lT2iNTRAN2 
*t<ITE<6>1743) 
N<KlTE=N*HITE-tl 
GO   TO   815 
NIRANHIBLANK 
NTKAN2=IBLANK 
MRITE<6>17AO)|.TRAN1>NTPAN2>I01>I02>RX(J>20)>TX(I'<)) •CULL(3.M> • 

TX I I • 1(11 »hX ( J. I'M >OlLLU.M) -PI >PX ( J. IB) 
CALL MSG(NHARM) 
N»RITE=N»HITEtl 
IFINWRITE.LT.45)60 TO "20 
*KITE<6'lb00> 
•AITE<6»lrtlO> 
N»HITt=0 
ITl=IbLANK 
IT2:ItlLAMi< 
CoilTINUL 
*i;lTL<6'le?0) 

Figure IV-2.   Continued. 
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APPENDIX V 

SABRELINER FIRST LEVEL ANALYSIS OUTPUT DATA 

The output data obtained from automated portion of the first level analysis conducted 
during this study are shown in this Appendix. 
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